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Executive Summary (Jon) 
This process relies on the low cost of methane to give a low cost methanol feed. Using a 
silver impregnated zeolite catalyst, a reactor can convert methanol to several high value products 
including hydrogen, olefins, benzene, toluene, and para-xylene. The process uses several flash 
drums, distillation columns, and a crystallizer in order to separate the reactor products into 
streams that maximize profit. The main product of this process is para-xylene which makes up 
around 13.4% of our carbon product. We decided para-xylene will be the main product of this 
process due to its marketability and the high demand for this product. Water is another product 
of the reactor and the mixed water/methanol stream is distilled before the water is sent to be 
biologically treated in order to meet environmental regulations for discharge. Another distillation 
column is used to separate hydrocarbons with para-xylene being discharged at the bottom with 
other heavier aromatics. Para-xylene is separated from the heavy aromatics in the final 
distillation column and then purified in a crystallizer. The crystallizer relies on a propane 
refrigeration system to crystallize para-xylene from ortho-xylene, toluene, and benzene. The 
para-xylene slurry is sent to a centrifuge to have the liquid spun off from the crystals leaving a 
very pure para-xylene product.  
The total capital investment for this process is 37.5 million dollars (MM$) with a variable 
cost of 2.4 MM$ per year. The IRR is 32% and the net present value (NPV 10) is 140.6 MM$. 
Several sensitivities for this process were run and it was found that the most sensitive value 
was the price of the methanol we are purchasing. With this in mind it would be critical for the 
success of this process to create a long term contract with our supplier locking them into a price 
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that allows us to keep our revenue up. The revenue on this process is 26.3 MM$ per year 
making this an attractive investment for plants that produce an excess of methanol. 
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Project Definition (Tess) 
Scope of Work 
Automatic Aromatic has developed a 1 MMMlb/yr aromatic plant that utilizes a newly 
developed process employing a ZSM5 zeolite catalyst impregnated with silver ions to convert 
methanol directly to multiple aromatic compounds, the most marketable being para-xylene.  The 
plant will be located in the gulf coast as it allows easy access to the methanol feedstock, chemical 
plants that will be using the products and byproducts of the plant, and ports, rails, and other 
transportation sources needed to exchange commodities with customers and suppliers.  
Automatic Aromatic has simplifed the separation and purification methods used in other 
aromatic producing plant designs to reduce both capital and operating costs, as well as 
performed detailed economic analyses to evaluate the profitability of the plant.  The reaction 
process this plant utilizes is new and lacks sufficient experimental data to precisely predict how 
it will perform in the plant design.  For this reason, Automatic Aromatic has performed several 
sensitivity analyses to show how the plants profitability will respond to changing operating and 
market conditions.  Automatic Aromatic has also evaluated other design alternatives for the plant 
and their potential benefits and problems, evaluated permitting and environmental concerns for 
the plant including a complete BACT analysis for the air emissions, performed a safety and risk 
management analyses on the plant (HAZOP), and discussed the broader impacts of the plant in a 
global, economic, and environmental context.  Several constraints were utilized in the plant 
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1. The reactor must operate in conditions that do not poison the catalyst.  
2. The plant must not exceed 10% of the product and byproduct markets or the feedstock 
market to maintain profitable market conditions. 
3. The methanol feedstock cannot be purer than 99% due to commercial availability. 
4. The products and byproducts of the process must be in a suitable form for sale. 
5. The towers and reactors in the plant must not exceed 200 feet tall. 
6. All plant equipment must be of a size that is commercially available and feasible. 
7. Hazardous and carcinogenic materials produced in the plant must be adequately 
contained. 
8. The plant must operate at safe pressures that do not put operators or other personnel 
at risk.  
9. Permits must be obtained for all gas emissions and disposal of products. 
10. All water discharged from the plant must meet environmental regulations. 
11. The IRR of the plant must be greater than 20%.  
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Introduction 
Aromatic compounds have a large variety of commercial uses in today’s world.  Everything 
from cosmetics to car dashboards are fabricated from aromatics [1].  Para-xylene in particular 
has been in high demand for its use in producing polyethylene terephthalate (PET).  PET is used 
as a polyester fiber, film, and resin for applications in the container, cosmetic, textile, and 
packaging industries [1].  The problem these industries currently face is their reliance on oil 
resources to produce aromatic compounds.  These resources will become less and less accessible 
in the future causing these companies to dedicate significant time and resources to developing 
new techniques for producing aromatic compounds.     
The industry of converting natural gas to useful products is very popular at this time due 
to the low cost of natural gas and the high profit margins these products generate.  This has 
caused researchers investigating new ways of producing aromatics to look into converting 
methanol to aromatic compounds.  Methanol is relatively inexpensive and readily available due 
to massive natural gas reserves underground.  A process that converts methanol to aromatics 
using a two-reactor design with dimethylether (DME) as an intermediate has been the focus of 
many papers and patents in the last couple of years [2]. This process involves the dehydration of 
methanol to form DME, which is then converted to aromatic compounds over a zeolite catalyst 
[1].  The process requires two reactors and two catalysts [1]. 
An even newer process being investigated is the direct conversion of methanol to 
aromatic compounds over a ZSM5 zeolite catalyst [3].  This process requires only one reactor and 
catalyst and eliminates the DME intermediate [3].  Automatic Aromatic will pursue this process 
because it successfully eliminates some of the equipment required for the reaction while still 
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maintaining a high conversion of methanol and production of aromatic compounds.  This choice 
lowers both operating and capital costs significantly, making the plant more profitable.  In 
addition, like the two-reactor design, this one-reactor design generates multiple value added 
products, which spreads the risk in the event that market prices fluctuate. 
The downfall of the one-reactor design is that it relies on data obtained from lab scale 
experiments [3]. These experiments need to be slowly scaled up to see how the process 
responds.  To compensate for the derivations from the lab scale experiment data that may occur 
when scaling the process up, several sensitivity analyses have been performed on the economic 
analysis of the plant to see how the profitably responds to changing conditions.  In particular we 
analyzed how equipment pricing, product pricing, utility pricing, and reactant pricing affect the 
rate of return.   
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Description of Base Case (Brady) 
The designed plant starts with a methanol to aromatics reactor. The feed combines nearly 
pure methanol at the rate of 1 billion pounds per year with a recycle stream that contains less than 
one percent contaminants. Nearly all of these contaminants are hydrocarbons produced in the 
reactor that will not harm the catalyst. Presumably, the recycle will have a small amount of foreign 
materials and impurities not listed in our reaction data or in the methanol feed stock contaminants. 
For this reason, it would be advisable to vent a small portion of the recycle in order to mitigate any 
build-up of materials of a certain boiling point. This vent is so small that it will be negligible 
compared to the entire product amount. Figure 1 shows a block diagram of our system. 
 
Figure 1. Block diagram of the Base Case 
Reactor 
The feedstock is heated to 750K by an influent effluent heat exchanger followed by a 
furnace. The methanol then enters a 350 cubic foot plug flow reactor at approximately atmospheric 
pressure. The reactor is packed with a silver impregnated ZSM-5 Zeolite catalyst. It is assumed 
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that with the specified feed rate and reactor size, approximately 75% conversion will be achieved. 
Here the feedstock is converted to several different products as shown in table 1. The amounts 
shown are based on a feed of 1 billion pounds per year assuming that only a negligible amount of 
methanol is lost. 
Table 1. Reactor Products. Reaction yields are shown for a feed of 1 billion pounds per year of 
methanol. 
Product Total Mass Percent Mass Produced (lb) mols produced 
Methane 0.8378% 8,378,245 5.23E+05 
Ethylene 5.0269% 50,269,471 1.79E+06 
Ethane 0.4189% 4,189,122 1.39E+05 
Propene 7.1215% 71,215,084 1.69E+06 
Propane 0.8378% 8,378,245 1.90E+05 
Isobutane 3.3513% 33,512,980 5.77E+05 
1-butene 2.0946% 20,945,612 3.74E+05 
n-butane 1.6756% 16,756,490 2.88E+05 
n-pentane 0.2092% 2,092,399 2.90E+04 
C4-C5 isomers 1.6756% 16,756,490 2.32E+05 
n-hexane 0.2092% 2,092,399 2.43E+04 
Benzene 1.2567% 12,567,367 1.61E+05 
Toluene 4.1891% 41,891,225 4.55E+05 
Ethylbenzene 0.0000% 0   
p-xylene 5.8648% 58,647,716 5.53E+05 
o-xylene 1.6756% 16,756,490 1.58E+05 
Ethylmethylbenzene 2.9324% 29,323,858 2.44E+05 
C6-C8 isomers 1.6756% 16,756,490 1.47E+05 
Trimethylbenzene 0.8378% 8,378,245 6.97E+04 
Tetramethyl Benzene 0.0839% 838,689 6.25E+03 
Napthalene 0.0000% 0   
C9-C11 isomers 1.2567% 12,567,367 8.04E+04 
Water  56.2280% 562,280,247 0.00E+00 
Hydrogen 0.5437% 5,437,366 0.00E+00 
SUM: 100.00% 1.00E+09 3.12E+07 
 
Figure 2 shows the reaction pathways in which methanol is converted to aromatics. It is 
worth noting that many of the intermediates are products formed in our reactor. Most of these 
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intermediates are alkenes. It is worth noting that under the reactor conditions, where free hydrogen 
is present as well as alkenes, many of the alkenes become saturated alkanes. Because almost all of 
the reactions involve a decrease in entropy (many molecules become fewer molecules) it follows 
reason considering Gibbs free energy that the change in enthalpy should be highly negative and 
indeed an exothermic reaction is observed. With an adiabatic reactor, the reactant exits almost 
300C hotter than it entered. This increase in temperature would likely lead to extensive coking in 
the reactor so some cooling in the reactor will be required to mitigate this problem. 
 
Figure 2. Reaction pathways converting methanol to aromatic products are shown [4]. 
Three Phase Separator 
After exiting the reactor, the products are cooled by heat exchange with the influent 
methanol. Additional cooling will likely be required especially during the summer when feed 
stocks are relatively warm and cannot offer adequate cooling. This cooling will be achieved by an 
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additional heat exchanger between the process fluid and cooling water. This exchanger will 
decrease the reactor effluent to a temperature of 86F. The effluent will be pressurized to 
approximately 500 psia before flowing into a three phase separator where light gasses are separated 
into one stream while the remaining organic phase, containing almost exclusively hydrocarbons, 
is separated from an aqueous phase where water and methanol are the main products. This portion 
of the model employed the Wilson-RK for the liquid-liquid separation. 
Methanol Separation 
The aqueous phase proceeds to a distillation tower to separate the methanol from the water 
produced in the reaction. The tower is run at a temperature of 214°F and a pressure of 15 psia. The 
tower consists of 15 stages with the feed on stage 8. The property set used for the tower was 
Wilson-RK. The methanol, which comes out of the tower as the distillate, is blended with the 
feedstock and fed back through the reactor. The water will most likely have a contaminant level 
well above allowable limits. These contaminants will be dealt with using biological treatment. 
After the water has been suitably cleaned, in may be discharged to the environment, it may be sent 
to evaporation ponds, or it may undergo further cleaning carried out by another entity in order to 
meet rejection standards. The portion of the plant which has been described thus far can be found 
in figure 3 Note the presence of the stream labeled vent. This stream will serve the purpose of 
purging any impurities that may build up. The flow rate is expected to be very small. 
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Figure 3. Reactor, three Phase separator, and methanol separator flow sheet. 
Gas Processing  
After exiting the three phase separator, the gaseous phase will have the hydrogen separated 
from the methane, ethane and ethylene. This will likely be performed by pressure swing 
adsorption. However, the group has not examined this extensively. Because the plant will be 
located on the gulf coast, it is likely that the hydrogen produced in this process will be useful in 
crude processing and the plant will be able to sell this byproduct. It is, however, imperative that if 
the plant expects to sell this product it locates near a refinery because shipping hydrogen any great 
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contain mostly ethylene, a valuable chemical feed stock. Again, locating near a chemical plant 
which can make use of this product is important.  
Hydrocarbon Processing 
The liquid organic phase from the three phase separation is fed to a large distillation column 
which has been titled the main separator. This separator splits the organic stream into six different 
streams. The tower takes advantage of the high pressure exiting the three phase separator, operating 
at 400 psia. This high pressure allows the process to run at a much cooler temperature, minimizing 
the reboiler duty. The tower has a partial condenser in which the gas phase is drawn off and is rich 
in ethylene. The liquid distillate which is rich propylene is blended with the vapor distillate along 
with the light gasses from the hydrogen separator to form an olefins stream. This stream will be 
sold at a discounted price because it contains blended olefins. The group was advised to do this 
because most plants using olefins already have an olefins separator making this an unnecessary 
capital cost for the proposed plant. A partial condenser was used in order to minimize cooling duty 
required to condense light olefins. The mass fraction of the components of the light olefins stream 
is shown in table 2. 
Component Mass Frac  
METHANE  0.035023  
ETHYLENE  0.390985  
ETHANE  0.034208  
PROPENE  0.413417  
PROPANE  0.043821  
ISOBUTAN  0.047539  
1-BUTENE  0.02339  
 Table 2. The mass fractions of components in light olefins stream are shown 
The butane/butylene streams are separated off as side draws lower on the tower. They are 
drawn from two different stages because extracting off of one stage would cause the stage to dry 
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up. Once drawn, these streams are blended into a single stream that will be sold to a refinery in 
order to be made into octane for use in gasoline. Again, it is vital to locate near a refinery to 
minimize shipping costs.  
The next side draw stream will be used for fuel gas in the plant’s furnaces. This stream 
contains mostly C5 hydrocarbons along with a small amount of hexane. Because there is little 
demand for these chemicals, they will likely be more valuable to burn on site than to ship 
elsewhere. Although, the alternative could prove to be financially viable depending on market 
values at that time.  
The final stream of the main separator is the bottoms. This stream contains all of the 
products which have a higher boiling point that the streams already mentioned. These components 
include nearly all of the aromatics as well as some octane and heavier alkanes. Figure 4 shows a 















Xylenes Distillation Column 
The bottoms product from the main separator is sent to a second distillation column to 
separate the xylenes from the heavy aromatics.  The column is comprised of 15 stages and 
operates at 339F and 14 psi.  The distillate product contains mixed xylenes, toluene, and benzene, 
which is sent to a crystallizer to separate off the paraxylene.  The bottoms contains heavy 
aromatics such as ethyl methyl benzene, trimethyl benzene, cumene, psuedocumene, and 
durene.  
Organic Feed 
Figure 4. A schematic of the main separator is shown with appropriate product streams. 
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Paraxylene Crystallizer 
After being separated from the heavy aromatics, the distillate exiting the xylene separator 
is cooled first using cooling water assuming that a temperature of approximately 95F can be 
reached at nearly all times during the year, even in mid-summer when cooling water on the gulf 
coast will most likely be quite warm. After, exiting the cooling water exchanger, the process fluid 
is further cooled by propane refrigeration. The refrigeration is achieved by a propane refrigeration 
loop in which propane is pressurized to approximately 90 psia yielding a refrigerant temperature 
near 40F. The process fluid is cooled to a temperature of 55F and additional heat is accounted for 
by considering the latent heat of fusion of paraxylene. The cold mixture is crystallized in a vessel 
and centrifuged in order to separate the paraxylene from the remaining hydrocarbons. This is made 
possible by the fact that paraxylene exhibits a significantly higher freezing point than any of the 
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Table 2. Plant product streams. Product and feed streams are shown in lb/hr. 





Feed Hydrogen Olefins C4s Fuel Gas N8 
Heavy 
Products Paraxylene 
METHANE 0 1.081863 815.7377 1.627018 1.29E-13 0 0 0 
ETHYLEN
E 0 0.0005267 4801.918 100.1175 1.56E-08 0 0 0 
ETHANE 0 5.14E-06 392.3778 16.34232 7.70E-08 0 0 0 
PROPENE 0 6.53E-08 5478.917 1466.831 0.017353 6.53E-08 6.33E-29 0 
PROPANE 0 2.83E-09 615.5698 202.8497 0.00689 5.69E-08 1.41E-28 0 
ISOBUTAN 0 1.97E-11 1233.207 1909.108 104.3593 0.5210831 7.78E-19 0 
1-BUTENE 0 2.52E-12 643.0705 1120.042 160.9313 2.180007 1.33E-17 0 
N-BUTANE 0 1.58E-10 305.8094 476.3426 250.6194 10.41328 2.02E-16 0 
N-PENTAN 0 2.40E-16 72.54887 18.92972 13.60475 24.09105 1.87E-12 0 
N-HEXANE 0 1.20E-20 2.870292 0.496526 0.908348 2.325003 5.45E-10 0 
BENZENE 0 1.26E-19 11.30306 2.446116 4.653016 13.47177 1.99E-07 0 
TOLUENE 0 2.02E-21 13.51987 2.590476 14.13034 43.26435 0.0094357 0 
P-XYLENE 0 2.99E-27 6.652066 1.344705 18.15489 0 0.005231 110.635 
O-XYLENE 0 3.54E-28 1.591346 0.336515 5.079843 14.28408 92.82247 0 
1-MET-01 0 0 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 0 0 
1-MET-03 0 6.07E-31 1.274045 0.274575 8.563943 1.611215 2660.61 0 
N-HEPTAN 0 0 0 0 0 0 0 0 
N-OCTANE 0 9.84E-27 3.100626 0.480948 5.332051 14.26828 0.0328241 0 
1:2:3-01 0 0 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 0 0 
1:3:5-01 0 1.57E-32 0.305868 0.06877 2.432128 0.2854505 781.6188 0 
1:2:3-02 0 0 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 0 0 
1:2:4-02 0 4.45E-36 0.008558 0.002056 0.231845 0.0007421 81.66136 0 
N-
NONANE 0 0 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 0 0 
N-
UNDECA 0 7.98E-35 0.164592 0.025013 3.460652 0.0331014 1220.288 0 
WATER 0 6.34E-18 3.64272 5.192252 2.856127 2.051832 2.41E-15 0 
HYDROGE
N 0 514.3377 17.32825 0.044289 1.79E-21 0 0 0 
MEOH 114077 2.74E-22 6.876525 4.810049 2.789536 7.878648 2.85E-13 0 
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Solution Procedure 
The group arrived at this solution by first examining the reaction itself in which aromatic 
compounds were made from methanol. It was determined that a silver impregnated catalyst gave 
the best yield of aromatic compounds and in particular, paraxylene [5]. From this, data was 
acquired giving approximate yields of the products obtained from the reaction. The solution from 
this point forward was based on optimizing product profit against capital costs. Streams that it was 
determined could be separated with little extra capital expense were separated while those which 
have a legitimate market as mixed streams were sold as such. 
From the beginning, we realized that our product yields were very similar to a very light, 
sweet crude. For this reason, we chose to start our separations as a miniaturized version of a crude 
unit used in refining. This allowed us to separate streams into blended streams which are more 
marketable than a stream containing pure components that do not necessarily need to be pure.  
The purpose of this project was to produce aromatics so we determined that the most easily 
marketable of these was paraxylene which, because of its high freezing point in comparison to 
other materials with similar boiling points, made it an ideal choice to sell as a pure product. 
Additionally, paraxylene is highly valuable in the chemical industry as a feed stock to produce 
plastics. It was determined that this product could be sold for significantly more than the methanol 
feedstock and processing still left room for a sizable profit.  
In terms of light gasses, we determined that in the geographical region, hydrogen is very 
valuable. This served us well because the process produces a large amount of hydrogen. 
Additionally, because the reaction yields high selectivity for alkenes, we are optimistic that many 
of the light gasses produced will be a large source of profit. (End of Brady’s writing) 
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Base Case 
Overall our base case solves the problem presented very well. As you can see, our 
product streams are pure enough to sell for the processes they will be used for. Our system 
produces a lot of water, but this cannot be avoided when removing a hydroxyl group from 
every molecule we are processing. By working through and designing the system around the 
products we wished to produce we were also able to minimize the number of components 
needed in our plant while maximizing the separation efficiency. Our base case used a direct 
conversion of methanol to aromatics rather than the currently preferred method of creating 
the intermediate DME. By skipping the intermediate step that produces DME, we can eliminate 
a catalyst, recycle stream, and several separators. Eliminating this unnecessary equipment from 
our process simplifies the system.  Following the reactor of our process is a liquid-liquid 
separation, several distillations, a crystallizer, and a centrifuge. 
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Design Alternatives (Tess) 
There are several design alternatives that can be considered for this process.  The first 
alternative involves the catalyst used for the reactor.  Although our design uses a ZSM5 catalyst 
impregnated with silver ions, there are several other versions of the ZSM5 catalyst being tested 
for this process, each impregnated with different ions [3]. We compared data for an unaltered 
ZSM5 catalyst, a ZSM5 catalyst impregnated with zinc ions, a ZSM5 catalyst impregnated with 
hydrogen ions, and a ZSM5 catalyst impregnated with silver ions.  The unaltered ZSM5 zeolite 
catalyst was rejected because its selectivity for aromatic compounds was significantly lower than 
catalysts impregnated with ions [5].  Several studies were used to compare the remaining 
catalysts. A study done at the Tokyo Institute of Technology compared the selectivity for aromatic 
compounds for the conversion of methanol for the ZSM5 catalyst impregnated with three 
different ions: silver, zinc and hydrogen [5]. The recorded yields of aromatics were 72.5%, 68.8%, 
and 48.4% for silver impregnated ZSM5 zeolite, zinc impregnated ZSM5 zeolite, and hydrogen 
impregnated ZSM5 zeolite respectively for the reactions run at 700 K and 20 kPa [5]. The full 
breakdown of the product yields obtained from each of these catalysts in this experiment is 
shown below in figure 5.  Under these reaction conditions there was a 100% conversion of 
methanol for all three catalysts [5]. 
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Figure 5.  Product distributions for methanol reacted over ZSM5 zeolite catalysts impregnated 
with silver, zinc, and hydrogen ions [3]. 
 
The catalyst impregnated with silver ions had the highest selectivity for aromatic 
compounds and, of the aromatic compounds produced, it had a high selectivity for para-xylene 
[5]. This was further validated by an experiment performed at Cardiff University that compared 
the product distributions for methanol reacted over a ZSM5 zeolite catalyst impregnated with 
iridium, ruthenium, palladium, silver, and copper ions.  The results from this experiment are 
shown in Figure 6 below.  
 























Figure 6. This table shows the product distributions for the aromatic compounds produced when 
reacting methanol over a ZSM5 zeolite catalyst impregnated with various ions in an experiment 
performed at Cardiff University [3]. 
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Because we wanted the highest yield of aromatics possible for our plant, and we wanted 
to produce significant amounts of para-xylene, we selected the catalyst impregnated with silver 
ions for our plant.  However, the performance of the zinc impregnated catalyst was comparable.  
So, if the cost of silver became too high, the zinc impregnated catalyst could be considered for 
the process. 
Another design alternative involves the series of separations following the reactor.  Our 
design uses minimal separation process, keeping several value added products together in the 
same streams.  Our current design produces only two pure product streams, hydrogen and para-
xylene.  This enabled us to minimize the amount of equipment used, lowering both our capital 
and operating costs.  However, some of the streams that have high value components lost a lot 
of value per pound due to the impurities in the streams.  An alternative design could involve 
adding more separations to the process to produce higher purity streams.  In the future it may 
be valuable to purify several of the streams leaving the main separation tower T101, which 
contain significant amounts of toluene and benzene.  If the prices of these chemicals rise, it may 
be worth separating them out and purifying them instead of selling the mixed streams to a 
refinery to increase the octane rating of fuel.  When making this decision it will be important to 
consider if the increase in income from having higher purity streams will outweigh the additional 
cost of purchasing and running the additional equipment that would be required.  We 
determined it would not be economically valuable at this time to purify more streams, but this 
may change as market conditions change.   
The last design alternative we considered was using a two-reactor design with 
dimethylether (DME) as an intermediate.  Although this design requires more equipment and is 
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therefore more expensive, there has been a lot more research completed on this process and it 
has been tested on a larger scale.  This is valuable because business opportunities (especially 
those involving the amount of money required to build this plant) should contain the least 
amount of risk possible, which is accomplished through thorough research and data collection.  
There has not yet been a comparable amount of research done on the one-reactor design making 
it inherently much riskier.  Although we are willing to proceed with the one-reactor process for 
this preliminary design, extensive experimentation still needs to be done to prove its validity as 
a replacement for the two-reactor design.  Future work should still consider the 2-reactor design 
as an important alternative until more experimentation has been completed on the one-reactor 
design. 
Permitting and Environmental Concerns (GiGi) 
In the process of converting methanol to aromatic products, many other compounds are 
produced, some of which pose hazards to both people and the environment. While most of the 
compounds are not a problem because they are contained within the piping and equipment of 
the plant, there is an issue with those that are carried along in to the Methanol Water separation 
tower. According to the EPA’s Safe Drinking Water Act, there is a limit to how much of a certain 
chemical can be detected in the water that people consume. Table 3 is a replication of the table 
of contaminants found on the EPA’s website. The Maximum Contaminant Level Goal (MCLG) is 
the level below which there is no known health risk and are used to hold a margin of safety and 
are done by choice for the public health rather than enforced. The Maximum contaminant Level 
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(MCL) is however an enforceable standard and cannot be exceeded for the drinking water to still 
be safe. [6] 
Table 3. Shows the EPA’s limits, health risks, and sources of contamination for potential 







Potential Health Effects 
from Long-Term 
Exposure Above the 
MCL (unless specified 
as short-term) 
Sources of Contaminant in 
Drinking Water 
Benzene zero 0.005 Anemia; decrease in 
blood platelets; 
increased risk of cancer 
Discharge from factories; 
leaching from gas storage tanks 
and landfills 
Ethylbenzene  0.7 0.7 Liver or kidneys 
problems 
Discharge from petroleum 
refineries 
Toluene 1 1 Nervous system, 
kidney, or liver 
problems 




10 10 Nervous system damage Discharge from petroleum 




Page | 28  
 
While the literature values for the experiment show no methanol in the effluent of the 
reactor, there still could be some that is discharged to the Methanol Water separator and beyond 
that there could be a small amount that is discharged in the water of the separator. The EPA does 
not limit the amount of methanol in the drinking water but there are state laws that provide 
these limits. If there is any methanol in the water that is sent to the Methanol Water separator, 
most of it will be distilled from the water in the tower itself. However there is still concerns over 
whatever materials remain in the water, mainly the aromatics because of their slight solubility in 
water. There are a couple of treatment options for handling the water, one of which is discharging 
the water to a treatment pond filled with a bacteria or other treatment in order to remove the 
contaminants from the water before we discharge it back to the environment. Another option is 
sending our water to the local water treatment facility and paying a fee to have the water cleaned 
before it is discharged to the environment. Both options are viable and ultimately the decision to 
use one over the other depends on the specific location of the plant and the economic 
requirements of both option, most likely the less expensive option will be chosen.  
In addition to the worries about the water that is discharged to the environment, there is 
also concern about air emissions from our plant. Our plant requires a furnace in order to raise 
the temperature of the methanol feed to the required reactor temperature. In our furnace we 
plan to burn natural gas because of its low price in the United States, and additionally we intend 
to combust some of our products that we cannot sell. In combusting this fuel, we have to be 
concerned about SOx, and NOx emissions, and depending on the location or time, we might also 
have to be concerned about CO2. The EPA doesn’t limit CO2 emissions as strictly as SOx or NOx, 
but in all chemical processing plants there is limit and reduction requirements that must be met 
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[6]. Our furnace doesn’t require the same amount of combustion as a power plant but it is still a 
requirement that must be considered. When burning our fuel we will either have to consider a 
pretreatment process for the fuel or a scrubbing process for the combusted fuel. Location will 
also factor into the treatment options as the processes of neighboring plants, or what the 
surrounding areas contain, such as housing developments or nature preserves. In addition to 
these pollutants, there is a concern of what happens with materials if there is a rupture within 
the plant. There are chemicals within our plant that only pose a problem if they are released into 
the air, these are shown in Table 4. 
Table 4. Selected elements from the EPA’s list of hazardous air pollutants. 
 
CAS Number Chemical Name 
71432 Benzene (including benzene from gasoline) 










Naturally the chemicals listed in Table 4 are contained within the process and safety 
measures are taken to ensure there is no release to the environment but in the case of a rupture 
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or other type of emergency vent, these chemicals are the ones in our process that are marked by 
the EPA. 
Permits 
We may require permits for both the furnace emissions and the water discharge but this 
is based solely on our location. Our process is based in the Gulf Coast in order to give us access 
to ports and a variety of other chemical manufacturers that are based in that area. So our 
permits will have to be given by the particular state in which we build our plant. Many of the 
states in the gulf coast have added a stricter CO2 emission limit to their permits so we will need 
to meet this requirement in addition to the NOx and SOx limits. According to the estimated 
emissions calculations shown in Table 5, we would not require a permit except for the emission 
of CO2 [7] 
BACT Analysis 
Due to the use of a furnace for heating the reactor feed, there is a concern of emitting 
gases that are considered harmful to the environment. The emissions we are mainly concerned 
about are NO, and NO2, referred to as NOx emissions both gases are poisonous to humans and 
the environment. We are also concerned about the emission of sulfur oxides, or SOx emissions 
as they bond with water in the air and form acid rain which acidifies bodies of water and is 
harmful to the environment. The fuel we feed into our furnace will be a mix of a fresh natural gas 
feed and the excess burnable products we produce. Natural gas itself is a low sulfur fuel, 
especially when compared with other carbon sources such as coal and petroleum. In addition 
with strict regulations on SOx emissions many of the fuels used for combustions are scrubbed by 
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some process to remove the sulfur from the fuel before it is sold. We however must assume that 
we have both NOx and SOx emissions and use available technology accordingly to reduce these 
emissions. 
Table 5. The estimated emissions of controlled air pollutants according to the Clean Air Act 
 lb/10^6 scf E (10^6 scf/hr) scf/hr lb/hr ton/yr 
NOX 280 3398860 3.399 0.265 1.161 
CO 84 1019658 1.020 0.074 0.325 
CO2 120000 1456654457 1456.65 167.515 733.717 
N2O 2.2 26705 0.027 0.003 0.013 
PM 7.6 92255 0.092    
SO2 0.6 7283 0.007 0.001 0.005 
    Total 735.221 
 
Based upon our levels of emission in Table 5, there is no need for any specific permits or 
control technology as far as national standards are concerned. This could change depending on 
the specific location however so more research would be required once a state location is 
decided upon and a control technology might be needed. Currently there are commercially 
available methods for NOx reduction such as Flue Gas Recirculation (FGR) and Low-NOx burners. 
FGR involves recycling the exhaust into the fuel gas which reduces the amount of oxygen in the 
air therefore lowering the amount of NOx produced. FGR is usually used in combination with low-
NOx burners and can reduce emissions by 60 – 90 % [6]. 
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Safety and Risk Management (GiGi) 
Overview 
While our process will have the necessary safety devices in order to prevent any risks, there are 
still potential problems that could arise especially in the case of a chemical spill. See the SDS sheets in the 
Appendix for specific information on the chemicals in this process. Special notice should be taken however 
to the reaction itself. The conversion of methanol to aromatics, and other organic compounds, is an 
exothermic reaction that is taking place in a reactor that is run at high temperature, however, the 
possibility of a run-away reaction is unlikely due to the high flow of unconverted methanol giving us quite 
a bit of thermal inertia. Due to the high operating temperature there is a greater chance of the reactor 
rupturing from heat stress, more so if the vessel is made from carbon steel. A suitable replacement 
material will be required for the reactor to be safely run at the right temperature for the reaction, one of 
which is stainless steel. The feed of methanol purchased is very pure but it may contain trace amount of 
acetic acid which could corrode the piping or other parts of equipment in this process, so the acetic acid 
must be neutralized. Naturally is there is a rupture in the equipment, the exposure to the chemicals could 
be hazardous. Hydrogen naturally exists as a gas and if highly flammable, more than likely if there is a 
rupture due to high temperature or pressure, there will also be a hydrogen fueled explosion. Along this 
same line of thinking, methane, ethane, ethylene, propane, propylene, butane, and butylene are all highly 
flammable gases that could either cause their own explosion or add fuel to an already burning fire adding 
to the potential danger the employees could be in from a rupture. There is also a risk to personnel from 
exposure to the aromatic products in our process. Benzene, and the family of chemicals based around it 
are all considered toxic to humans, benzene itself is carcinogenic as are several of its similar compounds. 
Toluene has the potential to cause organ damage if the exposure is prolonged, or in severe cases, such as 
inhalation or swallowing, it may cause death. In an open air area, such as the site of the process, these 
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are far less likely to occur. Paraxylene is especially dangerous to the respiratory system, a single exposure 
could cause organ toxicity. Orthoxylene however is mostly considered an irritant, but it may be fatal upon 
inhalation or ingestion, but again in the type of area the process is located, this isn’t as likely. 
HAZOP 
After completing the HAZOP analysis of our process, it was made clear that the main issues our 
process will face will be in deviations to the pressure and temperature of the system. From a standpoint 
of safety to the personnel, there are several concerns that are posed by these deviations. The first of 
which is that the deviations that could cause damage to the surrounding area and possible health risks to 
the workers. An increase in temperature in the reactor, the aqueous separator, the methanol water 
separator, and xylene separator have this result. In addition, the same result could be from a pressure 
deviation in the reactor, the methanol water separator, the xylene separator, the main separator, and the 
organic 2-phase separator. The furnace presents this type of danger when the flow of the fuel is increased 
or when the flow of the reactant is decreased, both of which result in an increase in temperature within 
the furnace. To prevent this type of issue, the vessels will have to have pressure relief systems, flow 
measurement and controllers, and cooling systems. The cooling system will be especially important for 
the reactor since the reaction is both exothermic and is run at a high temperature. Another issue lies in 
the potential to rupture and therefore release a reagent into the surrounding area. Our process works 
with several reagents that are dangerous to humans, benzene for example is a known carcinogen, many 
of the organic products such as methane are flammable, and hydrogen has the potential to be explosive. 
We want to keep these products contained to avoid health hazards and other problems. A rupture to a 
vessel or pipe is again mostly caused by either pressure or temperature deviations, which can be 
controlled with pressure relief systems, cooling systems, and careful management of the flow rates within 
the system. Also the instillation of measurement devices is necessary to monitor the process and be able 
to alter the process in order to prevent any major catastrophes. From an economic standpoint, damage 
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to the vessels or the equipment, or the process failing to work up to specification are the major concerns. 
In the aqueous separator a deviation in flow to or from the vessel could cause damage in other equipment, 
specifically causing cavitation and damaging the pumps. It might also lead to poor separation which means 
that our products wouldn’t meet the specifications set. Poor separation could also be the result of having 
the wrong composition or an impurity in the feed, or flow problems in the main separation tower. It is 
very important that the main separator operates as designed because of the other downstream 
implications. The crystallizer is designed to separate para-xylene from ortho-xylene, toluene, and 
benzene. If the composition of the flow to the crystallizer is incorrect, there could be either a failure to 
crystallize para-xylene or there could be additional crystallization of additional compounds. While this 
isn’t necessarily a safety issue, the overall process design is geared toward the production of para-xylene 
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Project Economics 
General Information (Brady) 
The economics for this process were based on a discounted value for most of the chemical 
products. This is because many of the products are blended instead of pure. This is done because 
there is not a sizable market for many of the pure components but when blended, they are very 
valuable. The pricing for equipment was derived from tables in the Peters and Timmerhaus 
textbook. All products and equipment are priced based on prices of early 2016. Product Stream 
Prices are shown in table 6. 
Table 6. Expected prices of product streams  
Product 
Stream 
HYDROGEN OLEF-PRO BBPROD BENZENE PX N8 (NO PX) HEAVY 
Price Per 
Gallon $2.00  $1.76  $0.31  $2.60  $3.60  $2.43  $0.20  
Price Per 
Pound $6.23  $0.48  $0.06  $0.38  $0.50  $0.35  $0.03  
 
Operating Costs (Tess) 
 Most costs can be found in the “Variable Costs” section of the spreadsheet named 
“Project Summary”, but listed in table 7 are the major costs of the plant for each year.  The 
utilities include steam, natural gas for the furnace, cooling water, cooling propane, and 
electricity.  The labor cost was based on a pay rate of $20/hour for operators working 8760 
hours per year with 10% added for overtime, 15% added for supervision, and 35% added for 
benefits.  Feed and utility costs were based on the plant operating 8000 hours per year.   
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Table 7. Major yearly plant operating costs. 
Item Cost $/yr 
Utilities $6,910,889 
Labor $2,803,200 
Feed Stock $129,591,472 
 
Major Equipment Costs (Tess) 
The purchased costs of all major pieces of equipment in the plant are shown below in table 8.  The 
features of each piece of equipment that was used to determine the cost is also shown in the table.   
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End of Life Value (Brady) 
The estimated end of life value for this project is 0 dollars. We plan to have minimal clean-
up costs and any equipment that has value as scrap is expected to cover this cost. The project 
economics show very little sensitivity to this value so accurately estimating it is not the most 
critical of steps going forward.  
Year to Year Cash Flow Analysis (Jon) 
The year to year cash flow analysis and a discounted cash flow analysis for the entire 
economic life of the plant is shown below in figure 7 below.  The economic life of the plant was 
assumed to be twenty years with a two year construction period and a 10% discount factor. 
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Year (year end) -1 0 1
FCI (9,866,486)$         (9,866,486)$     
WC (4,382,450)$     
StartUp (1,973,297)$     
Depr Amount 3,946,594$       
Depr Tax Credit 1,381,308$       
Revenue 26,294,697$     
Variable Costs 8,676,742$       
Fixed Costs (5,980,767)$     
Total Expenses (including SU) 722,677$           
Revenue - Expenses 27,017,375$     
Tax Liability on Above Expenses (9,456,081)$     
Cash Flow (9,866,486)$         (14,248,935)$   18,942,601$    
CumCF (PV0) (9,866,486)$         (24,115,421)$   (5,172,820)$     
DF10 1.10 1.00 0.91
PV10 (10,853,134)$       (14,248,935)$   17,220,547$    
CumPV10 (10,853,134)$       (25,102,070)$   (7,881,523)$     




Depr Amount 6,314,551$       3,788,731$       2,273,238$       2,273,238$       
Depr Tax Credit 2,210,093$       1,326,056$       795,633$           795,633$           
Revenue 26,294,697$    26,294,697$     26,294,697$     26,294,697$     
Variable Costs 8,676,742$      8,676,742$      8,676,742$      8,676,742$      
Fixed Costs (5,980,767)$     (5,980,767)$     (5,980,767)$     (5,980,767)$     
Total Expenses (including SU) 2,695,975$      2,695,975$      2,695,975$      2,695,975$      
Revenue - Expenses 28,990,672$    28,990,672$     28,990,672$     28,990,672$     
Tax Liability on Above Expenses (10,146,735)$   (10,146,735)$   (10,146,735)$   (10,146,735)$   
Cash Flow 21,054,029$    20,169,992$    19,639,570$    19,639,570$    
CumCF (PV0) 15,881,210$    36,051,202$    55,690,772$    75,330,342$    
DF10 0.83 0.75 0.68 0.62
PV10 17,400,024$    15,154,014$    13,414,091$    12,194,628$    
CumPV10 9,518,501$      24,672,515$    38,086,606$    50,281,234$    
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Depr Amount 1,136,619$       
Depr Tax Credit 397,817$           
Revenue 26,294,697$     26,294,697$     26,294,697$     26,294,697$     
Variable Costs 8,676,742$      8,676,742$      8,676,742$      8,676,742$      
Fixed Costs (5,980,767)$     (5,980,767)$     (5,980,767)$     (5,980,767)$     
Total Expenses (including SU) 2,695,975$      2,695,975$      2,695,975$      2,695,975$      
Revenue - Expenses 28,990,672$     28,990,672$     28,990,672$     28,990,672$     
Tax Liability on Above Expenses (10,146,735)$   (10,146,735)$   (10,146,735)$   (10,146,735)$   
Cash Flow 19,241,753$    18,843,937$    18,843,937$    18,843,937$    
CumCF (PV0) 94,572,096$    113,416,032$  132,259,969$  151,103,905$  
DF10 0.56 0.51 0.47 0.42
PV10 10,861,468$    9,669,919$      8,790,836$      7,991,669$      
CumPV10 61,142,702$    70,812,621$    79,603,456$    87,595,125$    






Revenue 26,294,697$     26,294,697$     26,294,697$     26,294,697$     
Variable Costs 8,676,742$      8,676,742$      8,676,742$      8,676,742$      
Fixed Costs (5,980,767)$     (5,980,767)$     (5,980,767)$     (5,980,767)$     
Total Expenses (including SU) 2,695,975$      2,695,975$      2,695,975$      2,695,975$      
Revenue - Expenses 28,990,672$     28,990,672$     28,990,672$     28,990,672$     
Tax Liability on Above Expenses (10,146,735)$   (10,146,735)$   (10,146,735)$   (10,146,735)$   
Cash Flow 18,843,937$    18,843,937$    18,843,937$    18,843,937$    
CumCF (PV0) 169,947,842$  188,791,779$  207,635,715$  226,479,652$  
DF10 0.39 0.35 0.32 0.29
PV10 7,265,153$      6,604,685$      6,004,259$      5,458,417$      
CumPV10 94,860,278$    101,464,963$  107,469,222$  112,927,639$  
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Revenue 26,294,697$     26,294,697$     26,294,697$     26,294,697$     
Variable Costs 8,676,742$      8,676,742$      8,676,742$      8,676,742$      
Fixed Costs (5,980,767)$     (5,980,767)$     (5,980,767)$     (5,980,767)$     
Total Expenses (including SU) 2,695,975$      2,695,975$      2,695,975$      2,695,975$      
Revenue - Expenses 28,990,672$     28,990,672$     28,990,672$     28,990,672$     
Tax Liability on Above Expenses (10,146,735)$   (10,146,735)$   (10,146,735)$   (10,146,735)$   
Cash Flow 18,843,937$    18,843,937$    18,843,937$    18,843,937$    
CumCF (PV0) 245,323,589$  264,167,525$  283,011,462$  301,855,399$  
DF10 0.26 0.24 0.22 0.20
PV10 4,962,197$      4,511,089$      4,100,990$      3,728,172$      
CumPV10 117,889,837$  122,400,925$  126,501,915$  130,230,087$  
Year (year end) 18 19 20
FCI




Revenue 26,294,697$      26,294,697$   26,294,697$   
Variable Costs 8,676,742$       8,676,742$     8,676,742$     
Fixed Costs (5,980,767)$      (5,980,767)$    (5,980,767)$    
Total Expenses (including SU) 2,695,975$       2,695,975$     7,078,424$     
Revenue - Expenses 28,990,672$      28,990,672$   33,373,121$   
Tax Liability on Above Expenses (10,146,735)$    (10,146,735)$  (11,680,592)$  
Cash Flow 18,843,937$     18,843,937$   26,074,978$   
CumCF (PV0) 320,699,335$   339,543,272$ 365,618,250$ 
DF10 0.18 0.16 0.15
PV10 3,389,248$       3,081,134$     3,875,879$     
CumPV10 133,619,335$   136,700,469$ 140,576,349$ 
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Figure 7. A year-to-year cash flow analysis and discounted cash flow analysis for the plant using a 
10% discount factor. 
 
IRR and NPV (Jon) 
Table 9 below shows the net present value of the plant and the internal rate of return. 
Table 9. The net present value of the plant (NPV0), the discounted net present value of the plant 
(NPV10), using a discount factor of 10%, and the internal rate of return (IRR) of the plant. 
 
Sensitivity Analysis (Jon) 
A sensitivity analysis was run for our process and the results are listed in the table below. 
Most changes have a very small effect on the IRR except for a change in the feed cost. Due to this 
high sensitivity it would be very important to set up a contract with your supplier at a cost that 
would be reasonable and profitable for your plant. By viewing both table 10 and figure 8 it is easy 
to see which of the parameters will affect our IRR the most.  











(MM$) IRR % 
Base 6.76 0.14 0.50 800 82.38 64.7% 
+10% ISBL 7.44 0.14 0.50 800 77.37 60.4% 
-10% c/lb xylene price 6.76 0.14 0.45 800 68.16 60.7% 
+10% c/Mlb Steam Cost 6.76 0.14 0.50 900 77.78 63.5% 
+10% Feed Cost 6.76 0.16 0.50 800 10.67 40.1% 
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Process Sensitivities: IRR with 10% Change in Parameter
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Global Impacts (GiGi) 
The process of turning methanol into aromatic products is heavily dependent on the cost of the 
feedstock, when methanol prices are low, the process becomes economically viable to convert methanol 
to other products. In Europe, methanol prices are lower than in the United States, which is in turn lower 
than the price in the Asia-Pacific. Therefore based on the price of methanol alone, the process is more 
viable in Europe than anywhere else. The price of natural gas also serves to drive some of the methanol 
market. The conversion of natural gas into syn gas and then into methanol is one of the main ways to 
make methanol and thus the price of natural gas serves to drive, in part, the methanol market4. In the 
United States natural gas is relatively cheap, so the price of methanol is relatively low as well, the price of 
natural gas is roughly double in Europe and quite a bit more expensive in Asia, but this also varies to a 
degree based on the region. The low price of natural gas also contributes to the design and use of a furnace 
in order to heat our feedstock to the right temperature for the reactor, the furnace is cheaper to operate 
when natural gas prices are low [9]. Taking advantage of natural gas as a heating fluid has a downside as 
well depending on the location. Europe is well known for their strict pollution requirements, so even if we 
were to choose to operate the plant in Europe to take advantage of the lower methanol costs, there would 
be extra requirements for our emission reduction technology on both the furnace and the water that is 
discharged from the methanol water separation tower. This extra technology only serves to add cost to 
our process and in the end the extra costs may outweigh the benefit of the lower methanol costs. The 
environmental concerns for this project and the required technology to addressing these concerns varies 
from region to region and is also rapidly changing to stricter requirements so it is also possible that in a 
few short years the emission reduction factor may be negligible between regions. 
Another consideration needs to be made when looking at the markets for our products and how 
that changes especially in response to demand. In many xylene producing processes, the stream of mixed 
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xylenes is usually much higher in meta-xylene than in ortho- or para-xylene, this is undesirable because 
meta-xylene is the least valuable of the xylene isomers. In actuality, the greatest demand falls on para-
xylene because of its use in producing polyethylene terephthalate (PET) a major plastic product. The 
greatest demand for the mixed xylene stream falls firstly in China, then South Korea, followed by the 
United States, Japan, Southeast Asia, and the Middle East/Africa which are all very close in their 
consumptions [10]. The lowest consumptions actually lie in Western Europe and the Commonwealth of 
Independent States and the Baltic States. So there is a tradeoff to be analyzed in the location given that 
Europe has very low methanol prices but also lower prices for xylenes than other locations. However the 
Asia/Pacific region has the opposite consideration to be made, methanol is more expensive but the mixed 
xylenes can be sold for more as well. It is also important to note that the consumption of mixed xylenes 
includes the consumption of meta-xylene which our process does not produce, this could have either 
adverse or beneficial effects on the economic analysis of our process. The separation of ortho-xylene from 
para-xylene is much easier than the separation of all three xylenes into pure components, and para-xylene 
and ortho-xylene are the most valuable and most sought of the xylenes. This could have potential downfall 
though because meta-xylene has some uses, but this is unlikely given how much meta-xylene is produced 
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Conclusions and Recommendations (GiGi) 
The process of turning methanol in aromatic products is indeed economically viable, especially 
when considering the low price of methanol for the feedstock. However, this economic viability is only 
accurate up to a certain price for methanol, after which point, the methanol is valuable enough on its 
own. To help guarantee that our process is as economic as possible, there are two recommendations that 
could be used. The first is that if a price for methanol could be locked in for a period of around 10 years, 
despite the market, then the facility would have time to be built and earn some money without reaching 
a point where the feedstock prices outweigh those of the products. The second option, which seems much 
more reasonable, is to attach our process on the tail end of a methanol production process. As a part of 
another plant, the methanol could be converted when prices for methanol are low, or the process could 
be shut down when the prices of methanol are too high. Even further, the day to day prices of methanol 
versus the products that the conversion produces could be compared and a fraction of the methanol could 
be turned to our process while the rest is sold pure as a means of earning a relatively steady income on a 
day to day basis. This also has the advantage of providing hydrogen for additional methanol production, 
or for other types of process on the same plant site. It has already been emphasized but due to the low 
prices of some of our carbon chain products, it would be beneficial to send these into our fuel stream for 
the furnace in order to reduce the amount of natural gas that has to be purchased for the furnace. This 
process is also likely optimized when natural gas prices are low for both the need to produce methanol 
from syn gas and the fact that natural gas is our choice of heating fuel for our furnace. It is also important 
to note that much of the process is based upon the methanol to gasoline process (MTG). In the MTG 
process, a zeolite catalyst is used to convert methanol into a mixture of carbon chains for gasoline 
production, but the zeolite catalyst used helps to inhibit molecules of certain size from growing. MTG 
however could be considered a failure because there were only a handful of plants built, many of which 
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if not all, are shut down today because of the drop in oil prices that made other gas processing methods 
much more attractive. 
  
 
Page | 47  
 
Future Work (Brady) 
Although at this juncture, this certainly appears to be very promising process, much work 
remains to be done. Principal in the topics that should be explored is the products of the reaction. 
It is known that at higher pressure, a higher yield of aromatics is achieved [11]. The economics of 
this project may change drastically is it is found that the reaction products differ from those that 
are expected. In addition, techniques for hydrogen separation should be explored as well as liquid-
liquid separation viability. One option that should be looked into extensively is a process in which 
toluene and benzene can produce paraxylene. Assuming we could convert these components to 
paraxylene would double our yield. Finally, in order to make this project viable, it is important to 
due extensive research into methanol pricing as the profits obtained are highly sensitive to this 
factor.  
Reaction Products 
The products of this reaction were obtained using a laboratory scale batch reactor in which 
the residence time was one hour [5]. The temperature and pressure were not varied in order to 
optimize yields of any particular products. Even still, Chang has shown that an increase in pressure 
often leads to an increased yield of valuable aromatic compounds as is shown in figure 9 [11].  
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Figure 9. Reaction yields are shown with respect to paraffin-aromatics, oxygenates, and olefins 
[5]. 
It would be absolutely essential to explore reaction yield and products as a next step to this 
process. From this point, other unit operations could more accurately be sized and modeled to 
better reflect the actual process. 
Hydrogen Separation 
Hydrogen separation has not extensively been examined. It is important to take a closer 
look at this process to accurately size compressors, vessels, and other materials. It is essential to 
verify that the amount of hydrogen we produce can effectively and economically be sold.  
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Liquid-liquid Separation 
Although the liquid-liquid separation system has been modeled using thermodynamics, it 
is important to actually perform this separation at all small scale in order to understand if it will 
work the way that the property sets used predict that it should. This could cause several issues such 
as downstream contamination and decreased product yield.  
Friedel-Crafts Alkylation 
The Friedel-Crafts alkylation reaction is a reaction in which a halogenated alkane reacts 
with an aromatic compound to form an alkylated aromatic. Because the methyl group of toluene 
is highly para directing, it can be expected that paraxylene can be reliably formed from both 
benzene and toluene [11]. This is a process that could nearly double the yield of paraxylene 
compared to our current process. Furthermore, the reaction turns carcinogenic benzene into a 
useful product. This is a process that we believe should be examined for viability coupled with the 
current process.  
Price of Methanol 
This project was inspired by the glut of natural gas in the current market. The proposed 
project offers a way upgrade the readily available natural gas into valuable products. However, the 
economic viability of this project depends highly on the low price of methanol. A very detailed 
economic analysis should be done of the future prices of methanol to see whether this project could 
remain viable in the long term.  
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Full Details for BACT Analysis (GiGi) 
Furna
ce 
       










Nat Gas Used, 
MMBTU/hr 
 




 $     250,
000.00  
90% 13.25555556  
        
        




       
        
        
 Permitting 
Constraint 
    Heating Value 
of NG 
 
 Allowed Duty 30 MMB
TU/hr 
  19500 Btu/lb 




  0.0195 MMB
TU/lb 
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 Use natgas used 
duty for fired duty 
    679.77208 lb/hr 
      0.056 lb/scf 














NOX 280 3398860 3.399 0.265 1.161   










N2O 2.2 26705 0.027 0.003 0.013 Fired Duty 
(MWh) 
 
PM 7.6 92255 0.092    93.30762296  
SO2 0.6 7283 0.007 0.001 0.005   





























lbmol/hr             
METHANE 2.24E-27 51.07714 0.060431 0.101403 8.05E-15 2.24E-27 
ETHYLENE 5.29E-19 175.2527 0.515147 3.568339 5.59E-10 5.29E-19 
ETHANE 1.26E-16 13.62513 0.032649 0.543421 2.57E-09 1.26E-16 
PROPENE 6.54E-08 165.5164 0.457574 34.85579 0.000413 6.54E-08 
PROPANE 5.69E-08 18.58238 0.022449 4.599933 0.000156 5.69E-08 
ISOBUTAN 0.521002 56.39141 0.011889 32.8456 1.795963 0.521002 
1-BUTENE 2.17945 36.51096 0.038822 19.96307 2.867911 2.17945 
N-BUTANE 10.41115 28.19582 0.013924 8.196686 4.312291 10.41115 
N-PENTAN 24.0913 25.55055 0.002882 0.262361 0.188508 24.0913 
N-HEXANE 2.325025 2.374674 4.62E-05 0.005762 0.010536 2.325025 
BENZENE 13.4719 15.73504 2.027591 0.031316 0.059548 13.4719 
TOLUENE 43.26484 44.46555 0.872605 0.028115 0.1533 43.26484 
P-XYLENE 53.59726 54.02709 0.183622 0.012666 0.170934 53.59726 
O-XYLENE 15.15852 15.43635 0.211853 0.00317 0.047828 15.15852 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 23.74734 23.86102 0.029597 0.002285 0.071221 23.74734 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 14.2687 14.3467 5.12E-06 0.00421 0.046658 14.2687 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 6.788473 6.817449 0.005639 0.000572 0.020226 6.788473 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 0.609157 0.611111 0.000149 1.53E-05 0.001727 0.609157 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 7.839942 7.863277 6.55E-10 0.00016 0.022129 7.839942 
WATER 2.051895 3052.554 3049.853 0.28838 0.158288 2.051895 
HYDROGEN 5.39E-41 263.7988 0.037068 0.021967 8.98E-22 5.39E-41 
MEOH 7.87874 1017.439 1009.109 0.15013 0.087013 7.87874 
Mass Flow lb/hr             
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METHANE 3.59E-26 819.4184 0.969486 1.626783 1.29E-13 3.59E-26 
ETHYLENE 1.48E-17 4916.497 14.45182 100.1053 1.57E-08 1.48E-17 
ETHANE 3.78E-15 409.7027 0.981736 16.34047 7.71E-08 3.78E-15 
PROPENE 2.75E-06 6965.037 19.25503 1466.754 0.017371 2.75E-06 
PROPANE 2.51E-06 819.4184 0.989926 202.841 0.006898 2.51E-06 
ISOBUTAN 30.28239 3277.66 0.691046 1909.098 104.3875 30.28239 
1-BUTENE 122.2835 2048.539 2.178192 1120.078 160.9114 122.2835 
N-BUTANE 605.1316 1638.837 0.809315 476.4192 250.645 605.1316 
N-PENTAN 1738.194 1843.479 0.207965 18.9294 13.60093 1738.194 
N-HEXANE 200.3641 204.6427 0.003984 0.496517 0.908001 200.3641 
BENZENE 1052.339 1229.121 158.3825 2.446169 4.651518 1052.339 
TOLUENE 3986.445 4097.079 80.40229 2.590548 14.12512 3986.445 
P-XYLENE 5690.282 5735.916 19.49462 1.344751 18.14757 5690.282 
O-XYLENE 1609.341 1638.837 22.4919 0.336529 5.077804 1609.341 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 2854.294 2867.958 3.5574 0.274587 8.560342 2854.294 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 1629.926 1638.837 0.000585 0.48095 5.329803 1629.926 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 815.9356 819.4184 0.677781 0.068773 2.431097 815.9356 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 81.76169 82.02399 0.020018 0.002056 0.231742 81.76169 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 1225.474 1229.121 1.02E-07 0.025013 3.459074 1225.474 
WATER 36.96546 54992.61 54943.96 5.195244 2.851609 36.96546 
HYDROGEN 1.09E-40 531.7867 0.074725 0.044283 1.81E-21 1.09E-40 
MEOH 252.4518 32600.95 32334.02 4.810481 2.788097 252.4518 
Mass Frac             
METHANE 1.64E-30 0.006284 1.11E-05 0.000305 2.16E-16 1.64E-30 
ETHYLENE 6.77E-22 0.037701 0.000165 0.01878 2.62E-11 6.77E-22 
ETHANE 1.73E-19 0.003142 1.12E-05 0.003066 1.29E-10 1.73E-19 
PROPENE 1.25E-10 0.05341 0.00022 0.275172 2.90E-05 1.25E-10 
PROPANE 1.15E-10 0.006284 1.13E-05 0.038054 1.15E-05 1.15E-10 
ISOBUTAN 0.001381 0.025134 7.89E-06 0.358159 0.174523 0.001381 
1-BUTENE 0.005576 0.015709 2.49E-05 0.210134 0.269024 0.005576 
N-BUTANE 0.027592 0.012567 9.24E-06 0.089379 0.419047 0.027592 
N-PENTAN 0.079256 0.014136 2.37E-06 0.003551 0.022739 0.079256 
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N-HEXANE 0.009136 0.001569 4.55E-08 9.31E-05 0.001518 0.009136 
BENZENE 0.047983 0.009425 0.001808 0.000459 0.007777 0.047983 
TOLUENE 0.181768 0.031418 0.000918 0.000486 0.023615 0.181768 
P-XYLENE 0.259457 0.043985 0.000223 0.000252 0.03034 0.259457 
O-XYLENE 0.07338 0.012567 0.000257 6.31E-05 0.008489 0.07338 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 0.130146 0.021992 4.06E-05 5.15E-05 0.014312 0.130146 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0.074319 0.012567 6.68E-09 9.02E-05 0.008911 0.074319 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 0.037204 0.006284 7.74E-06 1.29E-05 0.004064 0.037204 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 0.003728 0.000629 2.29E-07 3.86E-07 0.000387 0.003728 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 0.055877 0.009425 1.17E-12 4.69E-06 0.005783 0.055877 
WATER 0.001686 0.4217 0.627188 0.000975 0.004768 0.001686 
HYDROGEN 4.96E-45 0.004078 8.53E-07 8.31E-06 3.03E-24 4.96E-45 
MEOH 0.011511 0.249994 0.369095 0.000902 0.004661 0.011511 
Liq Vol 60F cuft/hr             
METHANE 1.92E-27 43.81978 0.051845 0.086995 6.91E-15 1.92E-27 
ETHYLENE 7.18E-19 237.8091 0.699029 4.842057 7.58E-10 7.18E-19 
ETHANE 1.71E-16 18.48861 0.044303 0.737395 3.48E-09 1.71E-16 
PROPENE 8.47E-08 214.3766 0.59265 45.14516 0.000535 8.47E-08 
PROPANE 7.95E-08 25.93945 0.031337 6.421121 0.000218 7.95E-08 
ISOBUTAN 0.863983 93.51452 0.019716 54.46823 2.978266 0.863983 
1-BUTENE 3.26702 54.73033 0.058194 29.92486 4.299031 3.26702 
N-BUTANE 16.62924 45.03583 0.02224 13.09217 6.887816 16.62924 
N-PENTAN 44.25179 46.9322 0.005294 0.481914 0.346259 44.25179 
N-HEXANE 4.846773 4.950272 9.64E-05 0.012011 0.021964 4.846773 
BENZENE 19.10018 22.30882 2.874677 0.044399 0.084426 19.10018 
TOLUENE 73.40501 75.44219 1.4805 0.047701 0.260095 73.40501 
P-XYLENE 105.5247 106.371 0.361522 0.024938 0.336542 105.5247 
O-XYLENE 29.20205 29.73726 0.408123 0.006106 0.092139 29.20205 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 52.93589 53.18929 0.065976 0.005093 0.158761 52.93589 
N-HEPTAN 0 0 0 0 0 0 
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N-OCTANE 37.03582 37.23829 1.33E-05 0.010928 0.121106 37.03582 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 15.0654 15.12971 0.012515 0.00127 0.044888 15.0654 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 1.472396 1.477119 0.00036 3.70E-05 0.004173 1.472396 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 26.43765 26.51634 2.21E-09 0.00054 0.074624 26.43765 
WATER 0.593271 882.5949 881.814 0.08338 0.045766 0.593271 
HYDROGEN 4.63E-41 226.3166 0.031801 0.018846 7.70E-22 4.63E-41 
MEOH 5.09044 657.3658 651.9835 0.096999 0.056219 5.09044 
LiqVolFrac60F             
METHANE 4.41E-30 0.01501 3.37E-05 0.000559 4.37E-16 4.41E-30 
ETHYLENE 1.65E-21 0.081461 0.000454 0.031128 4.79E-11 1.65E-21 
ETHANE 3.92E-19 0.006333 2.88E-05 0.004741 2.20E-10 3.92E-19 
PROPENE 1.94E-10 0.073435 0.000385 0.290225 3.38E-05 1.94E-10 
PROPANE 1.82E-10 0.008886 2.03E-05 0.04128 1.38E-05 1.82E-10 
ISOBUTAN 0.001983 0.032033 1.28E-05 0.350161 0.188345 0.001983 
1-BUTENE 0.007498 0.018748 3.78E-05 0.192378 0.27187 0.007498 
N-BUTANE 0.038165 0.015427 1.44E-05 0.084166 0.435584 0.038165 
N-PENTAN 0.10156 0.016077 3.44E-06 0.003098 0.021897 0.10156 
N-HEXANE 0.011124 0.001696 6.26E-08 7.72E-05 0.001389 0.011124 
BENZENE 0.043836 0.007642 0.001866 0.000285 0.005339 0.043836 
TOLUENE 0.168468 0.025843 0.000961 0.000307 0.016448 0.168468 
P-XYLENE 0.242184 0.036437 0.000235 0.00016 0.021283 0.242184 
O-XYLENE 0.06702 0.010186 0.000265 3.93E-05 0.005827 0.06702 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 0.12149 0.01822 4.28E-05 3.27E-05 0.01004 0.12149 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0.084999 0.012756 8.63E-09 7.03E-05 0.007659 0.084999 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 0.034576 0.005183 8.12E-06 8.16E-06 0.002839 0.034576 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 0.003379 0.000506 2.34E-07 2.38E-07 0.000264 0.003379 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
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N-UNDECA 0.060676 0.009083 1.43E-12 3.47E-06 0.004719 0.060676 
WATER 0.001362 0.302333 0.572399 0.000536 0.002894 0.001362 
HYDROGEN 1.06E-43 0.077525 2.06E-05 0.000121 4.87E-23 1.06E-43 
MEOH 0.011683 0.225181 0.423213 0.000624 0.003555 0.011683 
Total Flow 
lbmol/hr 228.2047 5090.033 4063.486 105.4853 10.01465 228.2047 
Total Flow lb/hr 21931.47 130407 87603.62 5330.308 598.1308 21931.47 
Total Flow cuft/hr 713.0974 16992500 1562.528 213.1041 22.54704 711.6567 
Temperature F 525.2661 443.4086 85 194.4616 275.5174 524.5023 
Pressure psia 450 2.900755 200 398.5 410.5 421 
Vapor Frac 0 1 0 0.013943 0 0 
Liquid Frac 1 0 1 0.986057 1 1 
Solid Frac 0 0 0 0 0 0 
Enthalpy Btu/lbmol -6895.99 -76305.7 -118240 -25108.5 -39102 -6895.99 
Enthalpy Btu/lb -71.7552 -2978.36 -5484.38 -496.89 -654.695 -71.7552 
Enthalpy Btu/hr -1573700 -3.9E+08 -4.8E+08 -2648600 -391590 -1573700 
Entropy Btu/lbmol-
R -78.1422 -8.51927 -43.6056 -68.8209 -82.1269 -78.1234 
Entropy Btu/lb-R -0.8131 -0.33252 -2.02264 -1.36195 -1.37507 -0.8129 
Density lbmol/cuft 0.320019 0.0003 2.600585 0.494994 0.444167 0.320667 
Density lb/cuft 30.75522 0.007674 56.06532 25.01269 26.52813 30.81749 
Average MW 96.10438 25.62005 21.55874 50.53127 59.72558 96.10438 
Liq Vol 60F cuft/hr 435.7216 2919.284 1540.558 155.5521 15.81283 435.7216 
 
Stream Name COMPOUT CONDIN CONDOUT COOLXYT EF2E105 EXOUT 
Mole Flow lbmol/hr             
METHANE 0 0 0 0 0.000671 0 
ETHYLENE 0 0 0 0 0.013755 0 
ETHANE 0 0 0 0 0.00108 0 
PROPENE 0 0 0 6.54E-08 0.004018 0 
PROPANE 1 1 1 5.69E-08 0.001413 1 
ISOBUTAN 0 0 0 0.521002 0.001425 0 
1-BUTENE 0 0 0 2.17945 0.004962 0 
N-BUTANE 0 0 0 10.41115 0.00021 0 
N-PENTAN 0 0 0 24.0913 0.000118 0 
N-HEXANE 0 0 0 2.325025 2.65E-06 0 
BENZENE 0 0 0 13.4719 0.237817 0 
TOLUENE 0 0 0 43.26474 0.025199 0 
P-XYLENE 0 0 0 53.06129 0.000305 0 
O-XYLENE 0 0 0 14.28408 2.10E-08 0 
1-MET-01 0 0 0 0 0 0 
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1-MET-02 0 0 0 0 0 0 
1-MET-03 0 0 0 1.611177 4.05E-11 0 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0 0 0 14.26841 4.84E-08 0 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 0 0 0 0.285476 2.87E-12 0 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 0 0 0 0.000742 1.65E-17 0 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 0 0 0 0.033105 6.74E-20 0 
WATER 0 0 0 2.051895 21.61852 0 
HYDROGEN 0 0 0 0 4.19E-10 0 
MEOH 0 0 0 7.87874 4057.015 0 
Mass Flow lb/hr             
METHANE 0 0 0 0 0.010767 0 
ETHYLENE 0 0 0 0 0.38587 0 
ETHANE 0 0 0 0 0.032479 0 
PROPENE 0 0 0 2.75E-06 0.169065 0 
PROPANE 44.09652 44.09652 44.09652 2.51E-06 0.062303 44.09652 
ISOBUTAN 0 0 0 30.28239 0.082809 0 
1-BUTENE 0 0 0 122.2835 0.278427 0 
N-BUTANE 0 0 0 605.1316 0.012181 0 
N-PENTAN 0 0 0 1738.194 0.008541 0 
N-HEXANE 0 0 0 200.3641 0.000229 0 
BENZENE 0 0 0 1052.339 18.57677 0 
TOLUENE 0 0 0 3986.435 2.32185 0 
P-XYLENE 0 0 0 5633.379 0.032391 0 
O-XYLENE 0 0 0 1516.504 2.23E-06 0 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 0 0 0 193.6542 4.87E-09 0 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0 0 0 1629.893 5.52E-06 0 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 0 0 0 34.3126 3.45E-10 0 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
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1:2:4-02 0 0 0 0.099614 2.22E-15 0 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 0 0 0 5.17472 1.05E-17 0 
WATER 0 0 0 36.96546 389.4636 0 
HYDROGEN 0 0 0 0 8.44E-10 0 
MEOH 0 0 0 252.4518 129996 0 
Mass Frac             
METHANE 0 0 0 0 8.26E-08 0 
ETHYLENE 0 0 0 0 2.96E-06 0 
ETHANE 0 0 0 0 2.49E-07 0 
PROPENE 0 0 0 1.61E-10 1.30E-06 0 
PROPANE 1 1 1 1.47E-10 4.78E-07 1 
ISOBUTAN 0 0 0 0.001777 6.35E-07 0 
1-BUTENE 0 0 0 0.007177 2.14E-06 0 
N-BUTANE 0 0 0 0.035518 9.34E-08 0 
N-PENTAN 0 0 0 0.102022 6.55E-08 0 
N-HEXANE 0 0 0 0.01176 1.75E-09 0 
BENZENE 0 0 0 0.061766 0.000142 0 
TOLUENE 0 0 0 0.233981 1.78E-05 0 
P-XYLENE 0 0 0 0.330647 2.48E-07 0 
O-XYLENE 0 0 0 0.08901 1.71E-11 0 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 0 0 0 0.011366 3.73E-14 0 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0 0 0 0.095665 4.24E-11 0 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 0 0 0 0.002014 2.65E-15 0 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 0 0 0 5.85E-06 1.70E-20 0 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 0 0 0 0.000304 8.08E-23 0 
WATER 0 0 0 0.00217 0.002987 0 
HYDROGEN 0 0 0 0 6.47E-15 0 
MEOH 0 0 0 0.014817 0.996845 0 
Liq Vol 60F cuft/hr             
METHANE 0 0 0 0 0.000576 0 
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ETHYLENE 0 0 0 0 0.018664 0 
ETHANE 0 0 0 0 0.001466 0 
PROPENE 0 0 0 8.47E-08 0.005204 0 
PROPANE 1.395916 1.395916 1.395916 7.95E-08 0.001972 1.395916 
ISOBUTAN 0 0 0 0.863983 0.002363 0 
1-BUTENE 0 0 0 3.26702 0.007439 0 
N-BUTANE 0 0 0 16.62924 0.000335 0 
N-PENTAN 0 0 0 44.25179 0.000217 0 
N-HEXANE 0 0 0 4.846773 5.53E-06 0 
BENZENE 0 0 0 19.10018 0.337173 0 
TOLUENE 0 0 0 73.40484 0.042754 0 
P-XYLENE 0 0 0 104.4695 0.000601 0 
O-XYLENE 0 0 0 27.51749 4.05E-08 0 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 0 0 0 3.591521 9.02E-11 0 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0 0 0 37.03508 1.25E-07 0 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 0 0 0 0.633546 6.37E-12 0 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 0 0 0 0.001794 4.00E-17 0 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 0 0 0 0.111636 2.27E-19 0 
WATER 0 0 0 0.593271 6.250632 0 
HYDROGEN 0 0 0 0 3.59E-10 0 
MEOH 0 0 0 5.09044 2621.23 0 
LiqVolFrac60F             
METHANE 0 0 0 0 2.19E-07 0 
ETHYLENE 0 0 0 0 7.10E-06 0 
ETHANE 0 0 0 0 5.58E-07 0 
PROPENE 0 0 0 2.48E-10 1.98E-06 0 
PROPANE 1 1 1 2.33E-10 7.51E-07 1 
ISOBUTAN 0 0 0 0.002531 8.99E-07 0 
1-BUTENE 0 0 0 0.009569 2.83E-06 0 
N-BUTANE 0 0 0 0.048708 1.27E-07 0 
N-PENTAN 0 0 0 0.129616 8.27E-08 0 
N-HEXANE 0 0 0 0.014196 2.10E-09 0 
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BENZENE 0 0 0 0.055945 0.000128 0 
TOLUENE 0 0 0 0.215006 1.63E-05 0 
P-XYLENE 0 0 0 0.305996 2.29E-07 0 
O-XYLENE 0 0 0 0.0806 1.54E-11 0 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 0 0 0 0.01052 3.43E-14 0 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0 0 0 0.108478 4.78E-11 0 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 0 0 0 0.001856 2.42E-15 0 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 0 0 0 5.25E-06 1.52E-20 0 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 0 0 0 0.000327 8.65E-23 0 
WATER 0 0 0 0.001738 0.002379 0 
HYDROGEN 0 0 0 0 1.37E-13 0 
MEOH 0 0 0 0.01491 0.997462 0 
Total Flow lbmol/hr 1 1 1 189.7395 4078.924 1 
Total Flow lb/hr 44.09652 44.09652 44.09652 17037.46 130407 44.09652 
Total Flow cuft/hr 45.62924 7.074443 1.455834 345.5537 2599720 361.1001 
Temperature F 236.467 236.457 85 95 418.365 45 
Pressure psia 150 616.1203 614.1203 6.936502 14.7 14.7 
Vapor Frac 1 1 0 0 1 1 
Liquid Frac 0 0 1 1 0 0 
Solid Frac 0 0 0 0 0 0 
Enthalpy Btu/lbmol -42230.3 0 -51733.2 -28110.4 -82338.2 -45609 
Enthalpy Btu/lb -957.679 0 -1173.18 -313.054 -2575.41 -1034.3 
Enthalpy Btu/hr -42230.3 0 -51733.2 -5333600 -3.4E+08 -45609 
Entropy Btu/lbmol-
R -64.1984 -68.7737 -81.2048 -100.52 -24.8509 -65.4459 
Entropy Btu/lb-R -1.45586 -1.55962 -1.84152 -1.11945 -0.7773 -1.48415 
Density lbmol/cuft 0.021916 0.141354 0.686892 0.549088 0.001569 0.002769 
Density lb/cuft 0.966409 6.233214 30.28952 49.30483 0.050162 0.122117 
Average MW 44.09652 44.09652 44.09652 89.79399 31.97092 44.09652 
Liq Vol 60F cuft/hr 1.395916 1.395916 1.395916 341.4081 2627.9 1.395916 
 
 
Page | 70  
 
Stream Name COMPOUT CONDIN CONDOUT COOLXYT EF2E105 EXOUT 
Mole Flow lbmol/hr             
METHANE 0 0 0 0 0.000671 0 
ETHYLENE 0 0 0 0 0.013755 0 
ETHANE 0 0 0 0 0.00108 0 
PROPENE 0 0 0 6.54E-08 0.004018 0 
PROPANE 1 1 1 5.69E-08 0.001413 1 
ISOBUTAN 0 0 0 0.521002 0.001425 0 
1-BUTENE 0 0 0 2.17945 0.004962 0 
N-BUTANE 0 0 0 10.41115 0.00021 0 
N-PENTAN 0 0 0 24.0913 0.000118 0 
N-HEXANE 0 0 0 2.325025 2.65E-06 0 
BENZENE 0 0 0 13.4719 0.237817 0 
TOLUENE 0 0 0 43.26474 0.025199 0 
P-XYLENE 0 0 0 53.06129 0.000305 0 
O-XYLENE 0 0 0 14.28408 2.10E-08 0 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 0 0 0 1.611177 4.05E-11 0 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0 0 0 14.26841 4.84E-08 0 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 0 0 0 0.285476 2.87E-12 0 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 0 0 0 0.000742 1.65E-17 0 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 0 0 0 0.033105 6.74E-20 0 
WATER 0 0 0 2.051895 21.61852 0 
HYDROGEN 0 0 0 0 4.19E-10 0 
MEOH 0 0 0 7.87874 4057.015 0 
Mass Flow lb/hr             
METHANE 0 0 0 0 0.010767 0 
ETHYLENE 0 0 0 0 0.38587 0 
ETHANE 0 0 0 0 0.032479 0 
PROPENE 0 0 0 2.75E-06 0.169065 0 
PROPANE 44.09652 44.09652 44.09652 2.51E-06 0.062303 44.09652 
ISOBUTAN 0 0 0 30.28239 0.082809 0 
1-BUTENE 0 0 0 122.2835 0.278427 0 
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N-BUTANE 0 0 0 605.1316 0.012181 0 
N-PENTAN 0 0 0 1738.194 0.008541 0 
N-HEXANE 0 0 0 200.3641 0.000229 0 
BENZENE 0 0 0 1052.339 18.57677 0 
TOLUENE 0 0 0 3986.435 2.32185 0 
P-XYLENE 0 0 0 5633.379 0.032391 0 
O-XYLENE 0 0 0 1516.504 2.23E-06 0 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 0 0 0 193.6542 4.87E-09 0 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0 0 0 1629.893 5.52E-06 0 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 0 0 0 34.3126 3.45E-10 0 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 0 0 0 0.099614 2.22E-15 0 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 0 0 0 5.17472 1.05E-17 0 
WATER 0 0 0 36.96546 389.4636 0 
HYDROGEN 0 0 0 0 8.44E-10 0 
MEOH 0 0 0 252.4518 129996 0 
Mass Frac             
METHANE 0 0 0 0 8.26E-08 0 
ETHYLENE 0 0 0 0 2.96E-06 0 
ETHANE 0 0 0 0 2.49E-07 0 
PROPENE 0 0 0 1.61E-10 1.30E-06 0 
PROPANE 1 1 1 1.47E-10 4.78E-07 1 
ISOBUTAN 0 0 0 0.001777 6.35E-07 0 
1-BUTENE 0 0 0 0.007177 2.14E-06 0 
N-BUTANE 0 0 0 0.035518 9.34E-08 0 
N-PENTAN 0 0 0 0.102022 6.55E-08 0 
N-HEXANE 0 0 0 0.01176 1.75E-09 0 
BENZENE 0 0 0 0.061766 0.000142 0 
TOLUENE 0 0 0 0.233981 1.78E-05 0 
P-XYLENE 0 0 0 0.330647 2.48E-07 0 
O-XYLENE 0 0 0 0.08901 1.71E-11 0 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
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1-MET-03 0 0 0 0.011366 3.73E-14 0 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0 0 0 0.095665 4.24E-11 0 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 0 0 0 0.002014 2.65E-15 0 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 0 0 0 5.85E-06 1.70E-20 0 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 0 0 0 0.000304 8.08E-23 0 
WATER 0 0 0 0.00217 0.002987 0 
HYDROGEN 0 0 0 0 6.47E-15 0 
MEOH 0 0 0 0.014817 0.996845 0 
Liq Vol 60F cuft/hr             
METHANE 0 0 0 0 0.000576 0 
ETHYLENE 0 0 0 0 0.018664 0 
ETHANE 0 0 0 0 0.001466 0 
PROPENE 0 0 0 8.47E-08 0.005204 0 
PROPANE 1.395916 1.395916 1.395916 7.95E-08 0.001972 1.395916 
ISOBUTAN 0 0 0 0.863983 0.002363 0 
1-BUTENE 0 0 0 3.26702 0.007439 0 
N-BUTANE 0 0 0 16.62924 0.000335 0 
N-PENTAN 0 0 0 44.25179 0.000217 0 
N-HEXANE 0 0 0 4.846773 5.53E-06 0 
BENZENE 0 0 0 19.10018 0.337173 0 
TOLUENE 0 0 0 73.40484 0.042754 0 
P-XYLENE 0 0 0 104.4695 0.000601 0 
O-XYLENE 0 0 0 27.51749 4.05E-08 0 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 0 0 0 3.591521 9.02E-11 0 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0 0 0 37.03508 1.25E-07 0 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 0 0 0 0.633546 6.37E-12 0 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 0 0 0 0.001794 4.00E-17 0 
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N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 0 0 0 0.111636 2.27E-19 0 
WATER 0 0 0 0.593271 6.250632 0 
HYDROGEN 0 0 0 0 3.59E-10 0 
MEOH 0 0 0 5.09044 2621.23 0 
LiqVolFrac60F             
METHANE 0 0 0 0 2.19E-07 0 
ETHYLENE 0 0 0 0 7.10E-06 0 
ETHANE 0 0 0 0 5.58E-07 0 
PROPENE 0 0 0 2.48E-10 1.98E-06 0 
PROPANE 1 1 1 2.33E-10 7.51E-07 1 
ISOBUTAN 0 0 0 0.002531 8.99E-07 0 
1-BUTENE 0 0 0 0.009569 2.83E-06 0 
N-BUTANE 0 0 0 0.048708 1.27E-07 0 
N-PENTAN 0 0 0 0.129616 8.27E-08 0 
N-HEXANE 0 0 0 0.014196 2.10E-09 0 
BENZENE 0 0 0 0.055945 0.000128 0 
TOLUENE 0 0 0 0.215006 1.63E-05 0 
P-XYLENE 0 0 0 0.305996 2.29E-07 0 
O-XYLENE 0 0 0 0.0806 1.54E-11 0 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 0 0 0 0.01052 3.43E-14 0 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0 0 0 0.108478 4.78E-11 0 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 0 0 0 0.001856 2.42E-15 0 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 0 0 0 5.25E-06 1.52E-20 0 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 0 0 0 0.000327 8.65E-23 0 
WATER 0 0 0 0.001738 0.002379 0 
HYDROGEN 0 0 0 0 1.37E-13 0 
MEOH 0 0 0 0.01491 0.997462 0 
Total Flow lbmol/hr 1 1 1 189.7395 4078.924 1 
Total Flow lb/hr 44.09652 44.09652 44.09652 17037.46 130407 44.09652 
Total Flow cuft/hr 45.62924 7.074443 1.455834 345.5537 2599720 361.1001 
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Temperature F 236.467 236.457 85 95 418.365 45 
Pressure psia 150 616.1203 614.1203 6.936502 14.7 14.7 
Vapor Frac 1 1 0 0 1 1 
Liquid Frac 0 0 1 1 0 0 
Solid Frac 0 0 0 0 0 0 
Enthalpy Btu/lbmol -42230.33 0 -51733.21 -28110.4 -82338.2 -45609 
Enthalpy Btu/lb -957.6794 0 -1173.181 -313.054 -2575.41 -1034.3 
Enthalpy Btu/hr -42230.33 0 -51733.21 -5333600 -3.4E+08 -45609 
Entropy Btu/lbmol-
R -64.19835 -68.7737 -81.20478 -100.52 -24.8509 -65.4459 
Entropy Btu/lb-R -1.45586 -1.55962 -1.841524 -1.11945 -0.7773 -1.48415 
Density lbmol/cuft 0.0219157 0.141354 0.6868915 0.549088 0.001569 0.002769 
Density lb/cuft 0.9664092 6.233214 30.28952 49.30483 0.050162 0.122117 
Average MW 44.09652 44.09652 44.09652 89.79399 31.97092 44.09652 
Liq Vol 60F cuft/hr 1.395916 1.395916 1.395916 341.4081 2627.9 1.395916 
 
Stream Name HVYBBS HYDROGEN LIGHTBBS LIGHTOLE MEOH N8 
Mole Flow lbmol/hr             
METHANE 0.030552 0.067412 0.070851 5.291047 0.000671 0 
ETHYLENE 0.639614 1.88E-05 2.928726 33.77794 0.013755 0 
ETHANE 0.092922 1.71E-07 0.450499 2.757191 0.00108 0 
PROPENE 8.391959 1.55E-09 26.46383 23.81062 0.004018 6.54E-08 
PROPANE 1.213717 6.41E-11 3.386216 2.408458 0.001413 5.69E-08 
ISOBUTAN 16.38615 3.39E-13 16.45945 1.982291 0.001425 0.521002 
1-BUTENE 10.52502 4.48E-14 9.438044 1.010364 0.004962 2.17945 
N-BUTANE 4.791165 2.72E-12 3.40552 0.291587 0.00021 10.41115 
N-PENTAN 0.225833 3.32E-18 0.036528 0.000334 0.000118 24.0913 
N-HEXANE 0.00557 1.39E-22 0.000192 2.02E-07 2.65E-06 2.325025 
BENZENE 0.030269 1.62E-21 0.001047 1.20E-06 0.237817 13.4719 
TOLUENE 0.027939 2.19E-23 0.000176 1.77E-08 0.025199 43.26474 
P-XYLENE 0.012648 2.81E-29 1.81E-05 2.23E-10 0.000305 53.06129 
O-XYLENE 0.003166 3.32E-30 3.83E-06 3.75E-11 2.10E-08 14.28408 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 0.002284 5.04E-33 8.39E-07 1.53E-12 4.05E-11 1.611177 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0.004203 8.60E-29 7.66E-06 1.30E-10 4.84E-08 14.26841 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 0.000572 1.30E-34 1.70E-07 2.20E-13 2.87E-12 0.285476 
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1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 1.53E-05 3.31E-38 7.09E-10 7.10E-17 1.65E-17 0.000742 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 0.00016 5.10E-37 4.79E-09 2.71E-16 6.74E-20 0.033105 
WATER 0.174211 3.51E-19 0.114169 0.006361 21.61852 2.051895 
HYDROGEN 0.009552 255.1439 0.012416 5.48396 4.19E-10 0 
MEOH 0.120203 8.53E-24 0.029927 0.00034 496.7953 7.87874 
Mass Flow lb/hr             
METHANE 0.490138 1.081469 1.136645 84.883 0.010767 0 
ETHYLENE 17.94357 0.000526 82.16176 947.5983 0.38587 0 
ETHANE 2.794131 5.14E-06 13.54634 82.90775 0.032479 0 
PROPENE 353.139 6.52E-08 1113.615 1001.966 0.169065 2.75E-06 
PROPANE 53.52071 2.83E-09 149.3203 106.2046 0.062303 2.51E-06 
ISOBUTAN 952.4188 1.97E-11 956.6789 115.2175 0.082809 30.28239 
1-BUTENE 590.5329 2.51E-12 529.5452 56.68905 0.278427 122.2835 
N-BUTANE 278.4788 1.58E-10 197.9404 16.94803 0.012181 605.1316 
N-PENTAN 16.2939 2.40E-16 2.635498 0.024115 0.008541 1738.194 
N-HEXANE 0.480009 1.20E-20 0.016508 1.74E-05 0.000229 200.3641 
BENZENE 2.364413 1.26E-19 0.081756 9.37E-05 18.57677 1052.339 
TOLUENE 2.574359 2.02E-21 0.016189 1.63E-06 2.32185 3986.435 
P-XYLENE 1.342832 2.98E-27 0.001919 2.37E-08 0.032391 5633.379 
O-XYLENE 0.336122 3.53E-28 0.000406 3.98E-09 2.23E-06 1516.504 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 0.274486 6.05E-31 0.000101 1.84E-10 4.87E-09 193.6542 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0.480075 9.82E-27 0.000874 1.49E-08 5.52E-06 1629.893 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 0.068752 1.56E-32 2.04E-05 2.64E-11 3.45E-10 34.3126 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 0.002056 4.44E-36 9.52E-08 9.52E-15 2.22E-15 0.099614 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 0.025013 7.97E-35 7.49E-07 4.24E-14 1.05E-17 5.17472 
WATER 3.138454 6.33E-18 2.05679 0.11459 389.4636 36.96546 
HYDROGEN 0.019255 514.3394 0.025029 11.05501 8.44E-10 0 
MEOH 3.851553 2.73E-22 0.958928 0.010895 15918.39 252.4518 
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Mass Frac             
METHANE 0.000215 0.002098 0.000373 0.035023 6.59E-07 0 
ETHYLENE 0.007868 1.02E-06 0.026941 0.390985 2.36E-05 0 
ETHANE 0.001225 9.97E-09 0.004442 0.034208 1.99E-06 0 
PROPENE 0.154847 1.27E-10 0.365151 0.413417 1.04E-05 1.61E-10 
PROPANE 0.023468 5.48E-12 0.048962 0.043821 3.82E-06 1.47E-10 
ISOBUTAN 0.417623 3.82E-14 0.313692 0.047539 5.07E-06 0.001777 
1-BUTENE 0.258941 4.88E-15 0.173636 0.02339 1.71E-05 0.007177 
N-BUTANE 0.122109 3.06E-13 0.064904 0.006993 7.46E-07 0.035518 
N-PENTAN 0.007145 4.65E-19 0.000864 9.95E-06 5.23E-07 0.102022 
N-HEXANE 0.00021 2.33E-23 5.41E-06 7.20E-09 1.40E-08 0.01176 
BENZENE 0.001037 2.45E-22 2.68E-05 3.87E-08 0.001138 0.061766 
TOLUENE 0.001129 3.91E-24 5.31E-06 6.71E-10 0.000142 0.233981 
P-XYLENE 0.000589 5.79E-30 6.29E-07 9.76E-12 1.98E-06 0.330647 
O-XYLENE 0.000147 6.84E-31 1.33E-07 1.64E-12 1.37E-10 0.08901 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 0.00012 1.17E-33 3.31E-08 7.57E-14 2.98E-13 0.011366 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0.000211 1.91E-29 2.87E-07 6.15E-12 3.38E-10 0.095665 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 3.01E-05 3.03E-35 6.68E-09 1.09E-14 2.11E-14 0.002014 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 9.01E-07 8.61E-39 3.12E-11 3.93E-18 1.36E-19 5.85E-06 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 1.10E-05 1.55E-37 2.46E-10 1.75E-17 6.45E-22 0.000304 
WATER 0.001376 1.23E-20 0.000674 4.73E-05 0.02385 0.00217 
HYDROGEN 8.44E-06 0.997901 8.21E-06 0.004561 5.17E-14 0 
MEOH 0.001689 5.30E-25 0.000314 4.50E-06 0.974805 0.014817 
Liq Vol 60F cuft/hr             
METHANE 0.026211 0.057833 0.060784 4.539262 0.000576 0 
ETHYLENE 0.867924 2.55E-05 3.974133 45.83497 0.018664 0 
ETHANE 0.126091 2.32E-07 0.611304 3.74137 0.001466 0 
PROPENE 10.86925 2.01E-09 34.27591 30.83949 0.005204 8.47E-08 
PROPANE 1.694248 8.95E-11 4.726874 3.362005 0.001972 7.95E-08 
ISOBUTAN 27.17334 5.61E-13 27.29489 3.287256 0.002363 0.863983 
1-BUTENE 15.77712 6.72E-14 14.14773 1.514547 0.007439 3.26702 
N-BUTANE 7.6527 4.34E-12 5.439475 0.465738 0.000335 16.62924 
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N-PENTAN 0.414818 6.11E-18 0.067096 0.000614 0.000217 44.25179 
N-HEXANE 0.011611 2.90E-22 0.000399 4.22E-07 5.53E-06 4.846773 
BENZENE 0.042915 2.29E-21 0.001484 1.70E-06 0.337173 19.10018 
TOLUENE 0.047403 3.71E-23 0.000298 3.00E-08 0.042754 73.40484 
P-XYLENE 0.024902 5.53E-29 3.56E-05 4.39E-10 0.000601 104.4695 
O-XYLENE 0.006099 6.40E-30 7.37E-06 7.23E-11 4.05E-08 27.51749 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 0.005091 1.12E-32 1.87E-06 3.40E-12 9.02E-11 3.591521 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0.010908 2.23E-28 1.99E-05 3.39E-10 1.25E-07 37.03508 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 0.001269 2.88E-34 3.76E-07 4.88E-13 6.37E-12 0.633546 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 3.70E-05 8.00E-38 1.71E-09 1.72E-16 4.00E-17 0.001794 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 0.00054 1.72E-36 1.62E-08 9.15E-16 2.27E-19 0.111636 
WATER 0.05037 1.02E-19 0.03301 0.001839 6.250632 0.593271 
HYDROGEN 0.008194 218.8914 0.010652 4.704764 3.59E-10 0 
MEOH 0.077663 5.51E-24 0.019336 0.00022 320.9786 5.09044 
LiqVolFrac60F             
METHANE 0.000404 0.000264 0.00067 0.046181 1.76E-06 0 
ETHYLENE 0.013376 1.16E-07 0.043834 0.466314 5.70E-05 0 
ETHANE 0.001943 1.06E-09 0.006743 0.038064 4.47E-06 0 
PROPENE 0.167506 9.17E-12 0.378057 0.313754 1.59E-05 2.48E-10 
PROPANE 0.02611 4.09E-13 0.052136 0.034204 6.02E-06 2.33E-10 
ISOBUTAN 0.418768 2.56E-15 0.301057 0.033444 7.21E-06 0.002531 
1-BUTENE 0.243141 3.07E-16 0.156047 0.015409 2.27E-05 0.009569 
N-BUTANE 0.117936 1.98E-14 0.059996 0.004738 1.02E-06 0.048708 
N-PENTAN 0.006393 2.79E-20 0.00074 6.25E-06 6.64E-07 0.129616 
N-HEXANE 0.000179 1.33E-24 4.40E-06 4.29E-09 1.69E-08 0.014196 
BENZENE 0.000661 1.05E-23 1.64E-05 1.73E-08 0.001029 0.055945 
TOLUENE 0.000731 1.69E-25 3.29E-06 3.05E-10 0.00013 0.215006 
P-XYLENE 0.000384 2.53E-31 3.93E-07 4.46E-12 1.83E-06 0.305996 
O-XYLENE 9.40E-05 2.92E-32 8.13E-08 7.35E-13 1.24E-10 0.0806 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 7.85E-05 5.13E-35 2.06E-08 3.46E-14 2.75E-13 0.01052 
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N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0.000168 1.02E-30 2.19E-07 3.44E-12 3.83E-10 0.108478 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 1.96E-05 1.32E-36 4.15E-09 4.96E-15 1.94E-14 0.001856 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 5.71E-07 3.65E-40 1.89E-11 1.74E-18 1.22E-19 5.25E-06 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 8.32E-06 7.85E-39 1.78E-10 9.31E-18 6.94E-22 0.000327 
WATER 0.000776 4.64E-22 0.000364 1.87E-05 0.019077 0.001738 
HYDROGEN 0.000126 0.999736 0.000117 0.047865 1.10E-12 0 
MEOH 0.001197 2.52E-26 0.000213 2.24E-06 0.979645 0.01491 
Total Flow lbmol/hr 42.68773 255.2113 62.79761 76.8205 518.7048 189.7395 
Total Flow lb/hr 2280.569 515.4214 3049.738 2423.619 16329.83 17037.46 
Total Flow cuft/hr 87.52607 621.8215 112.545 858.2314 351.7664 337.0912 
Temperature F 219.4717 -330.508 177.8678 87.34746 153.5493 55.8 
Pressure psia 400 500 398.5 400 16.16554 6.936502 
Vapor Frac 0 1 0 1 0 0 
Liquid Frac 1 0 1 0 1 1 
Solid Frac 0 0 0 0 0 0 
Enthalpy Btu/lbmol -31735.6 -2861.58 -20603.6 5336.106 -101530 -29599.3 
Enthalpy Btu/lb -594.027 -1416.91 -424.251 169.1364 -3224.97 -329.636 




R -74.9698 -17.1934 -64.8246 -28.751 -53.3836 -103.303 
Entropy Btu/lb-R -1.40329 -8.5133 -1.33481 -0.91131 -1.69569 -1.15044 
Density lbmol/cuft 0.487714 0.410425 0.557978 0.08951 1.474572 0.562873 
Density lb/cuft 26.05589 0.82889 27.09794 2.82397 46.42238 50.54259 
Average MW 53.42447 2.019587 48.56456 31.54912 31.48194 89.79399 













Mole Flow lbmol/hr             
METHANE 44.0398 1.517007 6.909506 51.01671 
51.0771
4 0 
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ETHANE 7.400128 2.891712 6.19235 13.59248 
13.6251
3 0 
PROPENE 48.52427 57.86766 116.5346 165.0588 
165.516
4 0 
PROPANE 5.085941 6.465443 13.47399 18.55993 
18.5823
8 1 
ISOBUTAN 7.869913 11.36494 48.50961 56.37952 
56.3914
1 0 
1-BUTENE 4.391276 6.060175 32.08086 36.47214 
36.5109
6 0 
N-BUTANE 3.132979 1.837232 25.04891 28.18189 
28.1958
2 0 
N-PENTAN 0.999625 0.005568 24.54804 25.54767 
25.5505
5 0 
N-HEXANE 0.033299 8.21E-06 2.34133 2.374628 
2.37467
4 0 
BENZENE 0.144654 4.59E-05 13.56279 13.70745 
15.7350
4 0 
TOLUENE 0.14673 1.87E-06 43.44621 43.59294 
44.4655
5 0 
P-XYLENE 0.062657 5.64E-08 53.78081 53.84347 
54.0270
9 0 
O-XYLENE 0.014989 1.04E-08 15.2095 15.22449 
15.4363
5 0 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 0.0106 8.52E-10 23.82082 23.83142 
23.8610
2 0 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0.027144 2.90E-08 14.31955 14.3467 14.3467 0 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 0.002545 1.42E-10 6.809265 6.81181 
6.81744
9 0 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 6.38E-05 1.31E-13 0.610898 0.610962 
0.61111
1 0 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 0.001053 6.27E-13 7.862224 7.863277 
7.86327
7 0 
WATER 0.143557 0.052321 2.557242 2.700798 
3052.55
4 0 
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MEOH 0.208591 0.005678 8.121893 8.330484 
1017.43
9 0 
Mass Flow lb/hr             
METHANE 706.5199 24.33697 110.8476 818.4489 
819.418
4 0 
ETHYLENE 3102.309 752.0234 1799.736 4902.045 
4916.49
7 0 
ETHANE 222.5192 86.95275 186.2017 408.7209 
409.702
7 0 
PROPENE 2041.932 2435.108 4903.849 6945.782 
6965.03
7 0 
PROPANE 224.2723 285.1035 594.1562 818.4285 
819.418
4 44.09652 
ISOBUTAN 457.4261 660.5687 2819.543 3276.969 3277.66 0 
1-BUTENE 246.3836 340.0214 1799.978 2046.361 
2048.53
9 0 
N-BUTANE 182.0994 106.7862 1455.928 1638.027 
1638.83
7 0 
N-PENTAN 72.12319 0.401721 1771.148 1843.271 
1843.47
9 0 
N-HEXANE 2.869575 0.000707 201.7691 204.6387 
204.642
7 0 
BENZENE 11.29942 0.003583 1059.439 1070.739 
1229.12
1 0 
TOLUENE 13.51974 0.000172 4003.157 4016.677 
4097.07
9 0 
P-XYLENE 6.652077 5.99E-06 5709.769 5716.421 
5735.91
6 0 
O-XYLENE 1.591349 1.11E-06 1614.754 1616.345 
1638.83
7 0 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 1.274049 1.02E-07 2863.126 2864.4 
2867.95
8 0 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 3.100629 3.31E-06 1635.736 1638.836 
1638.83
7 0 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 0.305869 1.71E-08 818.4347 818.7406 
819.418
4 0 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 0.008558 1.75E-11 81.99542 82.00397 
82.0239
9 0 
N-NONANE 0 0 0 0 0 0 
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N-DECANE 0 0 0 0 0 0 
N-UNDECA 0.164593 9.81E-11 1228.956 1229.121 
1229.12
1 0 
WATER 2.586214 0.942574 46.06942 48.65564 
54992.6
1 0 
HYDROGEN 5.554606 0.718566 11.81796 531.712 
531.786
7 0 
MEOH 6.683717 0.181943 260.243 266.9267 
32600.9
5 0 
Mass Frac             
METHANE 0.096635 0.005186 0.003169 0.019121 
0.00628
4 0 
ETHYLENE 0.424323 0.160239 0.051455 0.114525 
0.03770
1 0 
ETHANE 0.030435 0.018528 0.005324 0.009549 
0.00314
2 0 
PROPENE 0.279289 0.518864 0.140204 0.162272 0.05341 0 
PROPANE 0.030675 0.060749 0.016987 0.019121 
0.00628
4 1 
ISOBUTAN 0.062565 0.140752 0.080612 0.076559 
0.02513
4 0 
1-BUTENE 0.0337 0.072451 0.051462 0.047809 
0.01570
9 0 
N-BUTANE 0.024907 0.022754 0.041626 0.038269 
0.01256
7 0 
N-PENTAN 0.009865 8.56E-05 0.050638 0.043064 
0.01413
6 0 
N-HEXANE 0.000392 1.51E-07 0.005769 0.004781 
0.00156
9 0 
BENZENE 0.001546 7.63E-07 0.03029 0.025015 
0.00942
5 0 
TOLUENE 0.001849 3.67E-08 0.114452 0.09384 
0.03141
8 0 
P-XYLENE 0.00091 1.28E-09 0.163245 0.133551 
0.04398
5 0 
O-XYLENE 0.000218 2.36E-10 0.046167 0.037762 
0.01256
7 0 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 0.000174 2.18E-11 0.081858 0.06692 
0.02199
2 0 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0.000424 7.06E-10 0.046767 0.038288 
0.01256
7 0 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
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1:3:5-01 4.18E-05 3.65E-12 0.023399 0.019128 
0.00628
4 0 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 1.17E-06 3.74E-15 0.002344 0.001916 
0.00062
9 0 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 2.25E-05 2.09E-14 0.035136 0.028716 
0.00942
5 0 
WATER 0.000354 0.000201 0.001317 0.001137 0.4217 0 
HYDROGEN 0.00076 0.000153 0.000338 0.012422 
0.00407
8 0 
MEOH 0.000914 3.88E-05 0.00744 0.006236 
0.24999
4 0 
Liq Vol 60F cuft/hr             
METHANE 37.78234 1.301461 5.92776 43.76794 
43.8197
8 0 
ETHYLENE 150.0575 36.37509 87.05255 237.1101 
237.809
1 0 
ETHANE 10.0416 3.923908 8.402707 18.44431 
18.4886
1 0 
PROPENE 62.84857 74.95011 150.9354 213.784 
214.376
6 0 
PROPANE 7.099547 9.025216 18.80856 25.90811 
25.9394
5 1.395916 
ISOBUTAN 13.05077 18.8466 80.44404 93.4948 
93.5145
2 0 
1-BUTENE 6.582571 9.084269 48.08957 54.67214 
54.7303
3 0 
N-BUTANE 5.004158 2.934523 40.00943 45.01359 
45.0358
3 0 
N-PENTAN 1.836147 0.010227 45.09076 46.92691 46.9322 0 
N-HEXANE 0.069415 1.71E-05 4.880761 4.950175 
4.95027
2 0 
BENZENE 0.205087 6.50E-05 19.22905 19.43414 
22.3088
2 0 
TOLUENE 0.248948 3.17E-06 73.71274 73.96169 
75.4421
9 0 
P-XYLENE 0.123361 1.11E-07 105.8861 106.0095 106.371 0 
O-XYLENE 0.028876 2.01E-08 29.30027 29.32914 
29.7372
6 0 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
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N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0.070454 7.53E-08 37.16782 37.23828 
37.2382
9 0 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 0.005648 3.16E-10 15.11154 15.11719 
15.1297
1 0 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 0.000154 3.16E-13 1.476605 1.476759 
1.47711
9 0 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 0.003551 2.12E-12 26.51279 26.51634 
26.5163
4 0 
WATER 0.041507 0.015128 0.739384 0.780891 
882.594
9 0 
HYDROGEN 2.363917 0.305806 5.029459 226.2848 
226.316
6 0 
MEOH 0.134771 0.003669 5.247541 5.382312 
657.365
8 0 
LiqVolFrac60F             
METHANE 0.126947 0.008301 0.006876 0.031745 0.01501 0 
ETHYLENE 0.504187 0.232019 0.100971 0.171978 
0.08146
1 0 
ETHANE 0.033739 0.025029 0.009746 0.013378 
0.00633
3 0 
PROPENE 0.211169 0.478071 0.175068 0.155059 
0.07343
5 0 
PROPANE 0.023854 0.057568 0.021816 0.018791 
0.00888
6 1 
ISOBUTAN 0.04385 0.120214 0.093306 0.067812 
0.03203
3 0 
1-BUTENE 0.022117 0.057944 0.055778 0.039654 
0.01874
8 0 
N-BUTANE 0.016814 0.018718 0.046406 0.032649 
0.01542
7 0 
N-PENTAN 0.006169 6.52E-05 0.0523 0.034036 
0.01607
7 0 
N-HEXANE 0.000233 1.09E-07 0.005661 0.00359 
0.00169
6 0 
BENZENE 0.000689 4.15E-07 0.022303 0.014096 
0.00764
2 0 
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P-XYLENE 0.000414 7.08E-10 0.122816 0.076889 
0.03643
7 0 
O-XYLENE 9.70E-05 1.28E-10 0.033985 0.021273 
0.01018
6 0 
1-MET-01 0 0 0 0 0 0 
1-MET-02 0 0 0 0 0 0 
1-MET-03 7.94E-05 1.21E-11 0.06159 0.038531 0.01822 0 
N-HEPTAN 0 0 0 0 0 0 
N-OCTANE 0.000237 4.80E-10 0.04311 0.027009 
0.01275
6 0 
1:2:3-01 0 0 0 0 0 0 
1:2:4-01 0 0 0 0 0 0 
1:3:5-01 1.90E-05 2.02E-12 0.017528 0.010965 
0.00518
3 0 
1:2:3-02 0 0 0 0 0 0 
1:2:3-03 0 0 0 0 0 0 
1:2:4-02 5.18E-07 2.02E-15 0.001713 0.001071 
0.00050
6 0 
N-NONANE 0 0 0 0 0 0 
N-DECANE 0 0 0 0 0 0 
N-UNDECA 1.19E-05 1.35E-14 0.030752 0.019232 
0.00908
3 0 
WATER 0.000139 9.65E-05 0.000858 0.000566 
0.30233
3 0 
HYDROGEN 0.007943 0.001951 0.005834 0.164126 
0.07752
5 0 
MEOH 0.000453 2.34E-05 0.006087 0.003904 
0.22518
1 0 
Total Flow lbmol/hr 235.5797 115.2308 535.7559 1026.547 
5090.03
3 1 
Total Flow lb/hr 7311.195 4693.151 34976.65 42803.27 130407 44.09652 
Total Flow cuft/hr 171.0692 158.8766 845.5712 23957.67 4016410 338.3921 
Temperature F -330.508 87.34746 85 85 890.33 15 
Pressure psia 500 400 500 200 
2.90075
5 14.7 
Vapor Frac 0 0 0 1   1 
Liquid Frac 1 1 1 0   0 
Solid Frac 0 0 0 0   0 
Enthalpy Btu/lbmol -10201.1 -6775.11 -21276.5 -5847.56 -59813.9 -46110.9 
Enthalpy Btu/lb -328.697 -166.349 -325.904 -140.242 -2334.65 -1045.68 
Enthalpy Btu/hr -2403200 -780700 -1.1E+07 -6002800 -3E+08 -46110.9 
Entropy Btu/lbmol-
R -61.0402 -51.3499 -78.6551 -40.1922 -14.3448 -66.471 
Entropy Btu/lb-R -1.96682 -1.26079 -1.2048 -0.96393 -0.55991 -1.5074 
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Density lbmol/cuft 1.377101 0.725285 0.633602 0.042848 
0.00126
7 0.002955 
Density lb/cuft 42.73823 29.53959 41.36453 1.786621 
0.03246
9 0.130312 
Average MW 31.03492 40.72828 65.28468 41.69636 
25.6200
5 44.09652 




Stream Name VENT XYT 
Mole Flow lbmol/hr     
METHANE 0.05976 0 
ETHYLENE 0.501393 0 
ETHANE 0.031569 0 
PROPENE 0.453557 6.54E-08 
PROPANE 0.021036 5.69E-08 
ISOBUTAN 0.010465 0.521002 
1-BUTENE 0.033859 2.17945 
N-BUTANE 0.013715 10.41115 
N-PENTAN 0.002761 24.0913 
N-HEXANE 3.67E-05 2.325025 
BENZENE 0.766072 13.4719 
TOLUENE 0.050011 43.26474 
P-XYLENE 0.000234 53.06129 
O-XYLENE 1.44E-09 14.28408 
1-MET-01 0 0 
1-MET-02 0 0 
1-MET-03 1.48E-12 1.611177 
N-HEPTAN 0 0 
N-OCTANE 1.54E-07 14.26841 
1:2:3-01 0 0 
1:2:4-01 0 0 
1:3:5-01 9.05E-14 0.285476 
1:2:3-02 0 0 
1:2:3-03 0 0 
1:2:4-02 1.51E-19 0.000742 
N-NONANE 0 0 
N-DECANE 0 0 
N-UNDECA 1.30E-20 0.033105 
WATER 8.880024 2.051895 
HYDROGEN 0.037068 0 
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MEOH 501.3961 7.87874 
Mass Flow lb/hr     
METHANE 0.95872 0 
ETHYLENE 14.06595 0 
ETHANE 0.949257 0 
PROPENE 19.08596 2.75E-06 
PROPANE 0.927623 2.51E-06 
ISOBUTAN 0.608235 30.28239 
1-BUTENE 1.899755 122.2835 
N-BUTANE 0.797133 605.1316 
N-PENTAN 0.199234 1738.194 
N-HEXANE 0.003166 200.3641 
BENZENE 59.84067 1052.339 
TOLUENE 4.608044 3986.435 
P-XYLENE 0.024844 5633.379 
O-XYLENE 1.53E-07 1516.504 
1-MET-01 0 0 
1-MET-02 0 0 
1-MET-03 1.77E-10 193.6542 
N-HEPTAN 0 0 
N-OCTANE 1.76E-05 1629.893 
1:2:3-01 0 0 
1:2:4-01 0 0 
1:3:5-01 1.09E-11 34.3126 
1:2:3-02 0 0 
1:2:3-03 0 0 
1:2:4-02 2.03E-17 0.099614 
N-NONANE 0 0 
N-DECANE 0 0 
N-UNDECA 2.03E-18 5.17472 
WATER 159.9761 36.96546 
HYDROGEN 0.074725 0 
MEOH 16065.81 252.4518 
Mass Frac     
METHANE 5.87E-05 0 
ETHYLENE 0.000861 0 
ETHANE 5.81E-05 0 
PROPENE 0.001169 1.61E-10 
PROPANE 5.68E-05 1.47E-10 
ISOBUTAN 3.72E-05 0.001777 
1-BUTENE 0.000116 0.007177 
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N-BUTANE 4.88E-05 0.035518 
N-PENTAN 1.22E-05 0.102022 
N-HEXANE 1.94E-07 0.01176 
BENZENE 0.003665 0.061766 
TOLUENE 0.000282 0.233981 
P-XYLENE 1.52E-06 0.330647 
O-XYLENE 9.38E-12 0.08901 
1-MET-01 0 0 
1-MET-02 0 0 
1-MET-03 1.09E-14 0.011366 
N-HEPTAN 0 0 
N-OCTANE 1.08E-09 0.095665 
1:2:3-01 0 0 
1:2:4-01 0 0 
1:3:5-01 6.66E-16 0.002014 
1:2:3-02 0 0 
1:2:3-03 0 0 
1:2:4-02 1.24E-21 5.85E-06 
N-NONANE 0 0 
N-DECANE 0 0 
N-UNDECA 1.24E-22 0.000304 
WATER 0.009797 0.00217 
HYDROGEN 4.58E-06 0 
MEOH 0.983832 0.014817 
Liq Vol 60F cuft/hr     
METHANE 0.051269 0 
ETHYLENE 0.680365 0 
ETHANE 0.042837 0 
PROPENE 0.587446 8.47E-08 
PROPANE 0.029365 7.95E-08 
ISOBUTAN 0.017353 0.863983 
1-BUTENE 0.050755 3.26702 
N-BUTANE 0.021906 16.62924 
N-PENTAN 0.005072 44.25179 
N-HEXANE 7.66E-05 4.846773 
BENZENE 1.086121 19.10018 
TOLUENE 0.084851 73.40484 
P-XYLENE 0.000461 104.4695 
O-XYLENE 2.78E-09 27.51749 
1-MET-01 0 0 
1-MET-02 0 0 
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1-MET-03 3.29E-12 3.591521 
N-HEPTAN 0 0 
N-OCTANE 3.99E-07 37.03508 
1:2:3-01 0 0 
1:2:4-01 0 0 
1:3:5-01 2.01E-13 0.633546 
1:2:3-02 0 0 
1:2:3-03 0 0 
1:2:4-02 3.66E-19 0.001794 
N-NONANE 0 0 
N-DECANE 0 0 
N-UNDECA 4.37E-20 0.111636 
WATER 2.56751 0.593271 
HYDROGEN 0.031801 0 
MEOH 323.9511 5.09044 
LiqVolFrac60F     
METHANE 0.000156 0 
ETHYLENE 0.002067 0 
ETHANE 0.00013 0 
PROPENE 0.001784 2.48E-10 
PROPANE 8.92E-05 2.33E-10 
ISOBUTAN 5.27E-05 0.002531 
1-BUTENE 0.000154 0.009569 
N-BUTANE 6.65E-05 0.048708 
N-PENTAN 1.54E-05 0.129616 
N-HEXANE 2.33E-07 0.014196 
BENZENE 0.003299 0.055945 
TOLUENE 0.000258 0.215006 
P-XYLENE 1.40E-06 0.305996 
O-XYLENE 8.44E-12 0.0806 
1-MET-01 0 0 
1-MET-02 0 0 
1-MET-03 1.00E-14 0.01052 
N-HEPTAN 0 0 
N-OCTANE 1.21E-09 0.108478 
1:2:3-01 0 0 
1:2:4-01 0 0 
1:3:5-01 6.10E-16 0.001856 
1:2:3-02 0 0 
1:2:3-03 0 0 
1:2:4-02 1.11E-21 5.25E-06 
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N-NONANE 0 0 
N-DECANE 0 0 
N-UNDECA 1.33E-22 0.000327 
WATER 0.007799 0.001738 
HYDROGEN 9.66E-05 0 
MEOH 0.984031 0.01491 
Total Flow lbmol/hr 512.2576 189.7395 
Total Flow lb/hr 16329.83 17037.46 
Total Flow cuft/hr 205475 355.6849 
Temperature F 153.5493 137.9124 
Pressure psia 16.16554 14 
Vapor Frac 1 0 
Liquid Frac 0 1 
Solid Frac 0 0 
Enthalpy Btu/lbmol -85503.3 -26385 
Enthalpy Btu/lb -2682.19 -293.839 




R -29.1453 -97.5289 
Entropy Btu/lb-R -0.91427 -1.08614 
Density lbmol/cuft 0.002493 0.533448 
Density lb/cuft 0.079474 47.90044 
Average MW 31.87816 89.79399 
Liq Vol 60F cuft/hr 329.2083 341.4081 
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More A block in 
downstream 
pipe 
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Aqueous sep 
























 Rupture in 
tank 
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Other Than Wrong 
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Flooding Poor separation. 
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 failure in 
valve 





























  Excess vapor 
in tower 
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possible heath 





Flow      












Less Pipe partially 
plugged 
Level decrease in 
ditillation column, 
low flow in product 
line, back flow of 
material 







 Pipe leakage Level decrease in 
ditillation column, 
low flow in product 
line, back flow of 
material 







None Pipe Pluuged Level decrease in 
ditillation column, no 
flow in product line 







 Pipe broken Level decrease in 
ditillation column, no 
flow in product line 







Composition           
Other Than Wrong 
reagent 
Possible reaction Possible column 












As well as Impurity in 
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Possible reaction Possible column 
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Less A vacuum put 
on the system 
Possible implosion of 
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 A block in the 
upstream 
pipe 
Possible implosion of 















More A block in 
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pipe 
Possible explosion of 
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Low flow in effluent 
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Less Pipe partially 
plugged 
Level decrease in 
crystallizer, low flow 
in product line, back 
flow of material 







 Pipe leakage Level decrease in 
crystallizer, low flow 
in product line, back 
flow of material 
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None Pipe Plugged Level decrease in 
crystallizer, no flow 
in product line 







 Pipe broken Level decrease in 
crystallizer, no flow 
in product line 









          
More High pressure 
from source 





















 Pipe leakage Temperature 
increase in 
crystallizer 









None Pipe Plugged Temperature 
increase in 
crystallizer 









 Pipe broken Temperature 
increase in 
crystallizer 
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More Less cooling 
fluid flow 













of inlet is 
greater than 
normal 












Composition           
Other Than Wrong 
reagent 
Possible reaction Possible column 












As well as Impurity in 
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Possible reaction Possible column 
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crystallizer 
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Less Temperature 







































Pressure      
Less  A vacuum put 
on the system 
Possible implosion of 
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Possible implosion of 
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in order to 
heat 
influent in 
the case of 
low fuel 
flow 
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More Increase in 
stage draw 
pump 















Less  Broken stage 
draw pump 
Stages may flood, 
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be extracted remain 
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extraction leads to 
poor quality 
methane and no 
hydrogen product, If 
extreme vessel could 
implode 
Finished 
products may no 















extraction leads to 
poor quality 
methane and no 
hydrogen product, If 
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Finished 
products may no 
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Less Cooler 
influent 
May have decreased 
hydrogen extraction 
Finished 
products may no 
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products may no 
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More poor tower 
performance 
off spec products, 
may increase fouling 
in process equipment 
downstream 
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performance 
off spec products, 
may increase fouling 
in process equipment 
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Less  Poor tower 
performance 
Off spec products downstream 
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Pressure           
More downstream 
pipe blockage 
Off spec products, 
may lead to vessel 
explosion if extreme 
downstream 
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will be likely 
with hot 
combustibles in 












Off spec products, 
may lead to vessel 
explosion if extreme 
downstream 
processes are 
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with hot 
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Less  Pump 
Malfunction 
Off spec products, 
may lead to vessel 
implosion if extreme 
downstream 
processes are 





will be likely 
with hot 
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  Upstream 
pipe blockage 
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of process pipes and 
furnace walls, higher 
VOC emissions, 
higher Nox emissions 
Weakening of 
process 
pipes could lead 
to bursting of 
flamable vapors 
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lower yields and 
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Weakening of 
process 
pipes could lead 
to bursting of 
flamable vapors 
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